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Abstract
Part I of this paper on Sir Thomas Muir, deals with his life in Scotland and at the Cape of
Good Hope. In 1892, Thomas Muir, mathematician and educator, became the third Superin-
tendent General of Education in the Cape Colony under British rule. He will be remembered
as one of the greatest organisers and reformers in the history of Cape education. Muir found
relief from his arduous administrative duties by his investigations in the field of mathematics,
and, in particular, of algebra. Most of his more than 320 papers were on determinants and
allied subjects. His magnum opus was a five-volume work: The Theory of Determinants in the
Historical Order of Development (London, 1890–1930). Muir’s publications will be covered
in Part II of this paper. However, a treatment of the contents of Muir’s papers and his vast
contribution to the theory of determinants, fall beyond the scope of this paper.
© 2005 Elsevier Inc. All rights reserved.
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Part I: His Life
1. Introduction
The aim of this portion of Cape history in the Introduction is to sketch the situation
that Thomas Muir was confronted with when he landed at Cape Town in 1892.
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When the Dutch East India Company established a refreshment station at the
Cape of Good Hope in 1652, its main aim was the promotion of trade. Because there
were few civilising influences at the Cape, contact with the church was extremely
important for the colonists and the earliest education emphasised religious instruc-
tion. The first school was established in 1658—a school for slave children, with the
sick comforter Pieter van der Stael as the teacher. At the end of 1663 the Politieke
Raad (Council of Policy) decided to erect a school to which white children would
also be admitted. At the end of the 17th century there were three main centres of
education: Cape Town, Stellenbosch and Drakenstein. The French refugees, who
settled mainly in Drakenstein, were particularly concerned about the education of
their children. Village schools usually fell under the control of church councils and
there was virtually no control over private teachers.
In 1714 an important public Latin school was opened at the Cape with Lambertus
Slicher as Rector. The Latin school only existed for about 16 years. In 1790, the
School Commission submitted a plan to improve the education at the Cape, and
recommended the establishment of a good French and Latin school. Subsequently,
the Latin school was revived in 1793 in a house in Grave Street (now Parliament
Street) [29]. During the period of the First British Occupation (1795–1803) no im-
portant changes were made to the educational structure. By 1806 there were a few
schools in Cape Town worthy of note: Mrs. Pahud’s school for young ladies in house
No. 6 on Keisergracht (now Darling Street), a Latin school and a successful private
school which had been established by the Company, ‘Tot Nut van’t Algemeen’ (for
the good of all), in 1804. Until 1829 this private ‘Tot Nut van’t Algemeen’ school
was the most important educational institution in Cape Town and it held first place
among educational institutions because it provided secondary training [3, p.8]. In
October 1829 the ‘South African College and Zuid-Afrikaansche Athenaeum’ had
been opened, with three ‘Chairs’, and with emphasis on higher education in the fields
of Science and Literature ([29, p.53], [56] and [34]).
For 66 years ‘Tot Nut’ played an important role in the education of the Dutch-
speaking children at the Cape Colony. It was a much loved, admired and worthy edu-
cational institution that boasts among its many famous pupils Jan Hendrik Hofmeyr
(‘Onze Jan’, a political ally of Cecil John Rhodes during the years 1890–1895) and
Jan Brand (President of the Orange Free State). The school closed down in 1870
[29].
The Second British Occupation of 1806 and the resulting change of government
had the effect that the about 26,000 Afrikaners in the Cape were permanently cut
off from their motherland, the Netherlands, with which they had sentimental bonds.
Because of their isolated conditions, and given the fact that most of them were farm-
ers on the widely spread platteland (country districts), they did not achieve much
on the cultural front. Governor Lieutenant-General Sir John Cradock (September 6,
1811–April 6, 1814) took the cause of education at the Cape seriously. The ‘Bible
and School Commission’ was instituted in 1813 with the governor as patron to raise
subscriptions for free schools. The majority of the members were ministers and they
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were more interested in distributing Bibles (which formed part of their duty) than in
supervising education. The fact that ministers had so much power in the ‘Bible and
School Commission’ was in direct contrast to J.A. de Mist’s (Commissioner-General
of the Batavian Administration at the Cape, 1795–1803) emphasis on the secular
nature of public education. Cradock’s policy aimed to bring church and school closer
together. The ‘Bible and School Commission’ also failed in the attempt to establish
free schools in the outlying districts. Hence Thomas Pringle, the poet and assistant
public librarian, bade his friend, John Fairbairn, bring with him from Scotland “a
copy of Euclid, some of Gray’s arithmetic, a few of the more elementary books in
Geography, French, Latin and Greek, Mother’s Catechism, a pair of small globes,
and a good atlas” wherewith to furnish a “classical and commercial academy” [57,
p.149].
Lieutenant-General Lord C.H. Somerset was Governor of the Cape during the
period April 6, 1814–March 5, 1826, when he departed to end his days in compar-
ative peace in the Brighton of George IV. His commission as a civil servant was to
govern the Cape as a permanent British colony, and he intended to forcibly apply in
the process the well-proven means of centralisation, immigration and anglicisation.
In order to carry out his policy of anglicisation of the Cape Colony, Lord Charles
Somerset decided that an Anglicised Church and School could serve as a means to
achieve his goals. In 1822 Lord Charles Somerset imported six Scottish teachers to
establish English Free Schools in the Cape Colony. On September 29, 1821, in Aber-
deen, James Rose Innes (1799–1873) signed a form declaring that he was prepared,
if he was accepted as a candidate, to meet the demands made. James Rose Innes
was placed as a teacher in the town Uitenhage in the Eastern Cape. According to the
South African Commercial Advertiser of July 5, 1834: “Schools, where instruction
in both languages was given, have invariably flourished, whereas exclusively English
schools lingered in comparative uselessness” [11, p.38]. The same was noted by the
‘Commission on Education’ of 1861: “It is to be observed that although the new
schools were to be conducted exclusively in the English language, the teachers in
those schools which were most successful taught Dutch, . . . but for their departure
from their instructions in this respect, the ‘English Schools’ would then have proved
a failure in the country districts”, see [15, p.286]. The Afrikaner population (at that
stage about 60,000 against the 7000 British) were not per se against the idea of
learning English; they just did not want to send their children to the English schools
because their own language was banned from those schools. They realised the im-
portance of the English language for their childrens’ future in the Colony. This is
shown by the fact that schools in which use of both languages was permitted (such
as that of James Rose Innes at Uitenhage) were in fact successful.
It gradually became clear during the decade preceding 1839 that the education
system was heading for disaster. In fact, in 1824 already, Judge Truter of the Cir-
cuit Court discovered that two thirds of the children were not being sufficiently
educated and it became clear that the ‘Bible and School Commission’, whose task
it was supposed to be to control all schools in the colony receiving aid from the
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government, was a supervisor in name only, and that conditions of education had
deteriorated, especially in the interior. By 1834, the government was not paying
much attention to the ‘Bible and School Commission’. The members of the Com-
mission were not professional people, no provision was made for the inspection
of schools and there was no guidance or control. Members of the district school
committees who had to visit schools were not qualified for this task and could not
conduct examinations. School attendance was poor, the incompetence of teachers
had caused education to fall into disrepute, the system did not provide for all the
needs of the Colony and there was little public interest. One of the critics who was
outspoken in his attacks was John Fairbairn, editor of the South African Commercial
Advertiser, but he was not the only one. In August 1837, Colonel (later, General
Sir) John Bell, the Colonial Secretary, had submitted a memorandum to Major-
General Sir Benjamin D’Urban (Governor of the Cape Colony) describing the pitiful
state of education. Bell noticed that: “The system of teaching the English language
only in the free schools—or rather the exclusion of the Dutch—was in force for
several years; but it was found that some knowledge of the latter was absolutely
necessary, and this qualification in a teacher became thenceforth indispensable”, see
[15, p.286]. The conclusion drawn by Bell was that “. . . there seems to be one
thing more absolutely required to ensure the proper working of the system now
suggested, . . . The appointment of a sound, clear-headed man, either not belonging
to the ministry, or so untinctured with prejudice in favour of this or that form of
the Christian Protestant faith as to constitute him an impartial ‘Director-General
of Public Schools in this Colony”’. Major-General Sir George Napier (January 22,
1838–March 18, 1844), D’Urban’s successor, submitted this memorandum to Sir
John Herschel, the well-known astronomer and scholar. These documents (Bell’s
memorandum, Herschel’s comments and Fairbairn’s proposals) were submitted to
Lord Glenelg, Secretary of State for War and Colonies during that period in London.
It was decided to appoint a Superintendent General of Education (SGE) for the Cape
Colony at an annual salary of £500, plus an allowance for travel expenses [3, p.22].
Sir George Thomas Napier, Governor at the Cape, was given the task of choosing an
SGE.
Although the subject of this study is Thomas Muir, it will help to understand
his influence better if it is first of all mentioned that the Education Department of
the Cape Colony under English rule, with a new system of state schools and the
post of SGE, thus started in 1839. Muir’s predecessors were James Rose Innes, who
held office from 1839 untill 1859, and Langham Dale who served from 1859 until
1892 in this office. The authorities, still persisting with their attempts to anglicise,
became more lenient towards the teaching of Dutch at elementary school level, in
fact, the Government Memorandum on Education, 23 May 1839 stated: “This (that
is, ‘a sound grammatical knowledge of English’) as it regards Dutch pupils, can only
be attained by making a well-arranged course of oral and written translations from
Dutch into English, and from English into Dutch, an essential part of elementary
instruction”, see [15, p.286].
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James Rose Innes lived at Uitenhage until 1830 and his school was particularly
successful. He was subsequently appointed professor of Mathematics at the South
African College in Cape Town, a position he had accepted by the end of 1830. In
April 1839, Rose Innes informed the Board of the South African College that he
had been appointed as the first SGE at the Cape. The position of SGE had been
created, in terms of the government minute of May 23, 1839, so that a single person
could control education throughout the colony and inform the government regarding
educational matters. He would be responsible for visiting each school once a year,
having available information on all aspects of the education and progress of every
pupil in the colony, receiving reports from schools, examining, informing teachers
regarding methodological matters and keeping up to date with everything “that can
contribute to advance the cause of education in the colony” [3, p.33]. The SGE was
therefore required to be both an administrator and an inspector. The number of pupils
on roll in state-aided mission schools thus increased from 3322 in 1843 to 10,388 in
1858. For a considerable time the South African College in Cape Town was the only
institution offering higher education. Later, between 1848 and 1859, the Diocesan
College in Rondebosch, the Theological Seminary at Stellenbosch, St. Andrew’s in
Grahamstown and the Grey Institute in Port Elizabeth were established. Although
higher education (apart from teachers’ training) did not form part of Innes’s responsi-
bilities, he was involved as a member of the boards which examined candidates for
appointment to the civil service. Innes was accepted by the communities and he had
a good relationship with the colonists. He obtained the cooperation of the teachers
by allowing them to feel that they were professional people. His pleasant and polite
behaviour demanded respect and encouraged trust. His integrity was above suspicion
[3, p.60]. In 1857 Rose Innes felt that his health had deteriorated to such an extent
that he was no longer able to fulfil his duties.
In 1847, Langham Dale met Sir John Herschel at Lillesden, near Hankhurst, Sus-
sex. Dale made a favourable impression on Herschel, which resulted in his being
offered the professorship in English and Classical Languages at the South African
College. He accepted and in August 1848 took up his duties as professor at the
College. The Colonial Secretary had, as early as November 1, 1859, visited Pro-
fessor Langham Dale to discover whether he would be willing to accept the post
of SGE, and on November 12 he was offered the position officially. James Rose
Innes was notified of the appointment and learnt that Dale would assume office on
November 21, 1859. Not once during his 20 years of office did Rose Innes receive an
increase in salary. The government was, however, prepared to offer Dale an annual
salary of £600; £100 more than Rose Innes had received. James Rose Innes died on
December 20, 1873 in Port Elizabeth [3, p.62]. Among the guidelines for the post of
SGE were that it would be impossible to inspect all schools in person, that special
inspectors would deal with the inspection of schools in future. In fact, Dale would
not be expected to undertake the extended tours of inspection that Rose Innes had to
made; he would only visit schools in and around Cape Town. Dale’s administration
was effective, and his annual reports, which showed interest and insight, were unlike
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those of Innes, submitted on time. After the Education Act No. 13 of 1865 had
recommended the abolition of the state schools, they were gradually phased out.
This Act recognised the principle of state aid which had gradually developed over
a period of 24 years. In terms of this Act the state-aided schools were divided into
three groups: A schools (non-sectarian public schools); B schools (mission schools);
C schools (schools for blacks). The Education Act No. 13 of 1865 also declared that
all teaching in first and second class schools should be through the medium of the
English language. In the third class schools instruction should as far as possible take
place in English within 12 months of the establishing of the school. In the case of
mission schools no time was stipulated.
There were also developments in the field of examining. The Board of Public
Examiners, instituted in 1858, was an examining body which had no power to confer
degrees. The need for change compelled the government to decide whether to estab-
lish an examining or a teaching university. In 1873, Dale was appointed Chairman of
the government commission (Dale Commission) which recommended the establish-
ment of an examining university on the London model. Act 16 of 1873, creating the
University of the Cape of Good Hope, received the royal assent on 26 June and in due
course was approved by the British Parliament [4, p.26]. In 1873 the University of
the Cape of Good Hope was thus established by law as an examining body, with the
function of determining standards, drawing up syllabuses, conducting examinations
and conferring degrees. As far as schools were concerned, the university would be
responsible for the School Elementary Examination, the School Higher Examination
and the Matriculation Examination. Instruction was, however, the task of schools and
colleges.
On July 8, 1887, The South African Teacher’s Association (SATA), with Dale as
the first chairman, was established in Cape Town, and the association did work for
the general welfare of teachers [3, p.107]. Dale was knighted for his services in the
colonial education system in 1889. Vice-Chancellor of the University of the Cape
of Good Hope for all but four years of the period from 1873 to 1889, Sir Langham
Dale was unanimously elected Chancellor by Convocation in 1890, a position he
held until his death in 1898 [4, p.36].
The 80-year old policy of anglicisation in the Cape Colony had left its marks not
only in the schools, but also in the Dutch Reformed Church and in the society as a
whole. Scottish ministers were introduced into the Church, members were often cat-
echised in English and some services were conducted in English. English became the
language in courts of law, in a large number of Dutch households, in correspondence,
in meetings and even in conversation between Dutch people at the Cape. A large
number of Afrikaners sent their children to English schools where they could enjoy
a liberal education, the boys to the ‘College’, and the girls to the ‘Seminary’ or the
‘Girls High School’, where they could apply if they wanted instruction in Dutch. The
Afrikaners were thus under seige on all fronts—culturally, spiritually and socially. A
large number of private schools were established in the western part of the Colony,
the main reasons being that the parents felt that their language and the religious
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teaching were neglected, and in some cases the parents were not in favour of the
racially integrated schools that existed at places. In general, there was an increasing
eagerness among the farmers that their children should learn the English language,
but that they did not want English to be forced upon them.
The Africander (Afrikaner) Bond was a political organisation of the Dutch-
speaking section of the Cape. It was established in 1879 on bitterly anti-British lines
and, by intention, ‘Pan-Afrikander’, by dominee S.J. du Toit, predikant (minister) at
the town of Paarl, but its constitution was finalised only in 1883. When they proposed
to translate the Bible in Afrikaans, they met with much opposition from upholders of
High Dutch, and one of their strongest opponents was Jan Hendrik Hofmeyr (‘Onze
Jan’), a rising power in the world of journalism and politics. In the Colony, the Bond
became a purely colonial institution and, as a result of the 1884 general election
the Bond became the dominant political party in the Cape. Hofmeyr gradually made
the Bond itself a training-ground in politics for the Cape country people. The Cape
Bondsmen became loyal to the Crown, jealous for the rights of Afrikaners and strong
to support or overthrow ministeries; Hofmeyer became the leader of the Bond.
On September 1, 1870, at the age of 17, Cecil John Rhodes landed in South Africa
in search of fame and fortune. By 1880 he had made a small fortune in the diamond
fields at Kimberley and had also spent sufficient time in Oxford to be influenced
by the spirit of British imperialism prevailing in certain quarters in this British in-
tellectual Mecca [52, p.6]. In 1881, Rhodes entered the Cape House of Assembly
as a member of Barkley West, the constituency for the Kimberley diamond field, in
Griqualand West. Rhodes, Hofmeyr, Sir George Grey in his old age, and all who
took the ‘colonial’ view belonged to the Home Rule school, according to which
expansion must be carried out by the self-governing colonies as active agents and
initiators; the Unionists, on the other hand, held that the Imperial Government must
act and rule even though that rule give way ultimately to colonial control. The base of
Cecil Rhodes in the Colony was secure. He had taken little part in politics from 1884
till 1888, but thereafter he had drawn near to Hofmeyr. The aims of the Bond now
approximated to his own Home Rule policy. Sure of the support of the Bond, Rhodes,
in July 1890, became Prime Minister at the head of a cabinet which included some
of the ablest parliamentarians and adminstrators in the Cape Colony: J.W. Sauer,
Colonial Secretary; J.X. Merriman, Treasurer; J. Rose Innes (also James, grandson of
the first SGE for the Cape Colony), Attorney-General; J. Sivewright (Bond), Public
Works; P.H. Faure (Bond), Native Affairs. Rhodes’s powers were immense. Apart
from being Prime Minister of the Colony, he was controller of De Beers at Kimber-
ley, of the Goldfields Company on the Rand and, as far as Africa was concerned,
of the Chartered Company itself [57, p.427]. It was this company, created by Cecil
Rhodes and Alfred Beit, that administered the new British colony of Rhodesia under
Crown Charter. On the surface, Rhodes did not take offence in Hofmeyr’s aspirations
for the Dutch language and culture. However, in a letter mailed on June 23, 1899,
to Harry Escombe, former Prime Minister of Natal, February 15, 1897–October 4,
1897, Rhodes wrote:
10 P. Maritz / Linear Algebra and its Applications 411 (2005) 3–67
“Our great enemy will be Hofmeyer here, because, pool fool, he only thinks of
Africanderism, by which he means Dutch Africanderism and he believes feder-
alism will destroy the supremacy of his little clique.” [7]
During 1893, Merriman, Sauer and Rose Innes realised that they could no longer
sit beside Sivewright, whose departmental methods they could not stomach, and
for whom Sauer cherished a bitter hatred [57, p.436]. Rhodes with the help of Sir
Gordon Sprigg, a former Prime Minister of the Colony, managed to form another,
but weaker, cabinet, without these four colleagues and without the confidence of
Chief Justice J.H. De Villiers. On the other hand, Rhodes strenghtened his alliance
with Hofmeyr by supporting the proposal that the study of both English and Dutch
should be encouraged. About four years later, on January 12, 1896, Rhodes lost his
position as Prime Minister of the Cape Colony for his role, with Dr. Leander Starr
Jameson, in a conspiracy (the so-called Jameson Raid, December 29, 1895–January
2, 1896) to overthrow the legitimate and recognised government of President Paul
Kruger of the South African Republic [49]. Due to this imperial scandal, Rhodes
also lost the support and friendship of Hofmeyr, and Sprigg became Prime Minister
(for the third time) for the period June 13, 1896–October 13, 1898. The Colonial-
minded English like W.P. Schreiner (brother of the author Olive Schreiner) and John
X. Merriman joined the ranks of the Afrikaner Bond, without becoming members.
In the 1898-election, the Progressive Party of the Sprigg–Rhodes combination could
not hold their own against the Hofmeyr–Schreiner grouping, upon which Schreiner
became Prime Minister for the period October 14, 1898–June 17, 1900. Prime Minis-
ter Schreiner was a moderate imperialist who was afraid that Rhodes was looking for
war. Merriman and Sauer were anti-Rhodes and would not tolerate interference from
overseas into the matters of the Colony. Meanwhile, the English courts sentenced
Jameson and his principal officers to imprisonment [57, p.459]. During the Anglo-
Boer War, that had started on October 11, 1899, the Schreiner cabinet had fallen.
The Cape ministers were all anxious to deal gently with the less guilty Cape rebels,
many of whom were bijwoners (sub-farmers) on farms and nearly all of whom had
gone into rebellion at a time when their districts had been occupied by republic-
ans to whom they were bound by ties of sympathy and blood. Schreiner, Solomon
and Herholdt were reluctantly prepared to support Joseph Chamberlain’s (Secretary
of State for the Colonies (June 1895–October 1903)) demand that rebels should
be disfranchised, but Merriman and Sauer headed a party revolt which wrecked
the cabinet. Sir Gordon Sprigg filled the gap for the fourth time (June 18, 1900–
February 21, 1904) and, with the help of Rose Innes as Attorney-General, Sir P.
Faure, Frost, Graham, Dr. Smartt, Schreiner and some of his band of Adullamites,
was able to carry on without the help of the out-and-out Progressives [57, p.493].
So, Sprigg was dependent on the Bond which, in the House, followed Merriman
and Sauer and, outside, took its orders once more from Hofmeyr, while Jameson
was drifting rather than climbing into the position of leader of the progressives. The
Cape Parliamant was prorogued, not to meet again for nearly two years. In February
1901, a Volkskongres (Peoples’ Congress) met at Worcester in the Western Cape
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to express sympathy with the republicans in the very week that General Christiaan
de Wet had made his first abortive attempt to cross the Orange River. The Bond
parliamentarians were alarmed at the Worcester Volkskongres and other signs that
Bondsmen might get out of hand and give the authorities an excuse for suppress-
ing their organisation. They therefore commissioned Merriman and Sauer to get in
touch with Hofmeyr, who was in Germany to recuperate after a stressful five years
of intense politicising in the Cape. Thanks largely to the disfranchisement of the
Cape rebels, Sprigg, Merriman and Sauer were all unseated, and Jameson became
Prime Minister of the Cape Colony for the period February 22, 1904–February 2,
1908. Hofmeyr, soon after his return from Europe, revived the Taalbond to combat
English with the weapon of High Dutch. A little later, enthusiasts for the spoken
Afrikaans began the Second Language Campaign. By the peace treaty of Vereeniging
that was signed in Pretoria on May 31, 1902, the republicans surrendered their in-
dependence, and became the Crown Colonies, Transvaal and Orange River Colony
(ORC).
2. Mathematical master
Thomas Muir was born on August 25, 1844 at Stonebyres, near the Falls of Clyde,
in Lanarkshire, Scotland [3],[42(f)(iv),55]. According to some other sources, he was
born at Nemphlar, near the Falls of Clyde, Lanarkshire, Scotland, see, for example
[4, p.52] and [16, p.567]; still another source says “Born at a little country place
near Stonebyres” [42(f)(v)]. Although the towns Nemphlar and Stonebyres are fairly
close to each other, Thomas only gave Lanarkshire as his birthplace when he later
registered as a student at the University of Glasgow [personal communication with
the Duty Archivist, Glasgow University, Arhive Services, April 17, 2002]. There
is unfortunately no reliable record of the first 12 years of Thomas’s life available.
Thomas was the eldest son of George Muir of Stonebyres (having come thither from
the not far distant town of Biggar) and his second wife, Mary Brown, a farmer’s
daughter from Loch Lomond [16, p.567]. From this marriage, there were also two
younger children, namely Andrew, and a sister, Margaret. While Thomas was still
young, the family moved eight miles further down the Clyde to a village called
Overtown, where George Muir farmed on a modest scale [3, p.122]. According
to [55, p.179], however, Thomas was brought up at Biggar, a neighbouring small
town, where his father later followed the trade of ‘souter’ on the Caledonian Railway
Company for a salary of 13 shillings per week [15, p.40]. According to [42(f)(iv)],
it also seems that William Muir, Thomas’s grandfather, had followed that same trade
in Biggar. Although the Muir family found it hard to make ends meet, George Muir,
through his love for reading, succeeded in creating an intellectual atmosphere in their
house. Thomas lost his father while he was a university student, but he seems to have
owed much to his mother, a woman of character and ability who was a member of a
long-lived family ([16, p.567] and [42(f)(iii)]).
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Thomas received his early education at Wishaw Public School, a large school
erected in the main town of that populous coalmining district. There he won the
book ‘The History of Sandford and Merton’, by Thomas Day, “for excellence in
Arithmetic” on August 1, 1856, and also showed uncommon ability in the classics.
He had to walk daily two miles to school and two miles back, and that was the only
form of relaxation that he allowed himself. In fact, years later, it was stated that
“Relaxation in his case mostly takes the form of new intellectual pursuits” [42(f)(i)].
His exceptional ability led to one of the patrons of the school, Lady Bellhaven,
encourage him to study further [3, p.122]. Muir obtained distinctions in Greek and
Mathematics, before proceeding in 1863 to the University of Glasgow, where he
showed outstanding ability as a mathematician [16,55]. He had to work during his
holidays to pay for his studies. In 1865 his university career was interrupted because
he lacked money, but he managed to return in December 1866, after having earned
some money as a teacher at the Hamilton School. During that period his farther died
in a railway accident. At Glasgow, he came under the influence of William Thomson
(later Lord Kelvin), Professor of Natural Philosophy (today called Physics), who
quickly recognised his uncommon mathematical ability. His favourite Professors at
Glasgow were Ramsay (Latin), Lushington (Greek), Blackburn (Mathematics) and
Thomson (Physics). Muir trained as a teacher by taking an M.A. and graduated with
distinction in 1868, distinguishing himself in Mathematics, Ancient Languages and
Literature, with Greek his favourite subject [42(f)(iii)]. William Thomson (June 26,
1824–December 17, 1907) was appointed Professor of Natural Philosophy at Glas-
gow University in 1846; for his work on the transatlantic cable he was knighted in
1866; in 1892, he received the title of Baron Kelvin of Largs from the British gov-
ernment. The thermodynamical studies of Thomson led him to propose an absolute
scale of temperature in 1848. The Kelvin absolute temperature scale, as it is now
known, was precisely defined much later after conservation of energy had become
better understood and was named after Thomson because of his 1848 proposal [53].
Seventy years after he had become a student of Thomson, Muir remarked to a friend:
“I remember Lord Kelvin showing me the first gramophone”; and again, “the great
man I define as the man who does not alter, who always has control, who alters
others” [55, p.179].
Thomas Muir began his career as a Sub-Warden to act as Mathematical Tutor in
the St. Leonard’s College Hall of the University of St. Andrews, from May 1869 to
July 1871 [42(f)(i)]. His principal there, Dr. J.C. Shairp, had only praise for him:
“At no time has the mathematical teaching in the College Hall been so effective and
successful, as is proved by the large number of the Hall students who then stood
high in the Mathematical Honour Lists of the University” ([3] and [42(h),p.15]). It
was during those years at St. Andrews, the cradle of golf, that Muir surrendered
to that game [42(f)(iii)]. During the summer vacation of 1870, Muir became the
private teacher of the son of the Duke of Argyll, and so spent his vacation in one
of the most beautiful parts of Scotland with this family. In 1871 Muir travelled to
Europe where he visited the universities of Berlin, Göttingen and Leiden, for the
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purpose of learning modern languages and mathematics [42(f)(iv)]. He returned to
the University of Glasgow as Assistant to the Professor of Mathematics, namely
Hugh Blackburn (1849–1879) of pendulum fame, at the end of 1871, a post which
he held for three years [42(h)]. In that post, Muir established his fame as a teacher of
Mathematics, communicating his first paper, published in 1872, to the Royal Society
of Edinburgh, and became a Fellow of the Society (F.R.S.E.) in 1874. In that same
year, he became a member of the London Mathematical Society. From 1874 to 1892
Muir was Mathematical Master in the High School of Glasgow, being responsible
also for the teaching of Science; the testimonials in favour of Muir for the application
for this post can be seen in [42(h)]. On 13 June, 1874, Blackburn wrote about Muir:
“While a student he gained the first prizes in all my mathematical classes, and I
consider him one of the very best students of mathematics I have seen during my
professorial experience of twenty-five years” [42(h)]. As an educator, Thomas Muir
was known to be fair and liberal-minded in his views, and his opinion had always
been valued and sought after by those in authority [42(f)(i)]. At the High School, he
had a better chance to find expression to his organising ability than at the University
as an Assistant to a Professor. In 1876, he married Margaret Bell, youngest daughter
of Dugald Bell of Dumbartonshire. In 1877, Muir applied for the vacant position of
Professor in Mathematics at the University of St. Andrews, but to his bitter disap-
pointment, the University decided to appoint Dr. George Chrystal in that position. In
that same year, Muir was advised by his friends to apply for a vacant professorship
(due to Professor Blackburn’s resignation) in Mathematics at the University of Glas-
gow, but he decided against it. In 1882, Muir received the degree LL.D.(hc) from
the University of Glasgow, in recognition of his eminence as a mathematician and
educator. During the 18 years at the High School Muir inspired such great progress
in the Mathematics section of the school that the number of pupils and staff more
than doubled, and his students had gained during the years 1880–1892 scholarships
and bursaries to the value of more than £6000 [42(f)(i)]. In April 1892, The Bailie
(a newspaper) wrote “A better criterion of his success, however, is the influence he
exerts on every individual within his department. Without any apparent effort he
kindles an intellectual interest in his pupils, and his mere presence seems to provoke
a spirit of work and pleasure in work” [42(f)(i)]. Years later, Prof. J.S. McKenzie,
one of Muir’s old pupils, exposed a little bit of Muir’s personality by writing: “I was
undoubtedly more stimulated by the teaching of Dr. Thomas Muir than by that of
anyone else. He was a born teacher, and it was a real inspiration to work under him.
Just at first he struck one as rather too hard and cold. He had not much geniality of
manner, and he did not bear fools gladly; but one soon got to know that he took a very
deep interest in his pupils and that he thoroughly understood the art of teaching them”
[42(i)(iv)], see also [15, p.50]. On November 24, 1933, T. MacRobert congratulated
Muir on his 89th birthday by writing: “. . . and, as a grateful pupil of yours, I wish
to have the pleasure of congratuling you, a teacher for whom I have always had a
sincere respect and affection. I was for over three years in your classes, and received
a prize each year” [42(g)(vi)].
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3. Moving to Cape Town
In 1892, the post of Superintendent General of Education (SGE) in the Cape
Colony (CC), which had thus been held for 33 years by Sir Langham Dale, became
vacant. More than a year before Dale’s retirement, the government began searching
for someone to appoint as his successor. Mr. Cecil John Rhodes, Prime Minister
in the Cape Colony at that time, refused to accept the nominees of the Afrikaner
Bond, his partners in the Government, and felt that the position should not go to
a colonial, believing that it was far better to import fresh educational blood from
Europe. Rhodes was even willing to “throw up my position to-morrow, rather than
hand over the youth of the Cape Colony to any person not in my judgment fully
qualified for such a responsible position, however ardently he might be supported by
local authorities” [22, p.168]. The intention of seeking an SGE overseas remained a
closely kept secret. Mr. J.W. Sauer, the Colonial Secretary (who was, among other
things, also responsible for Education in Parliament), deputed Mr. Thomas Ekins
Fuller (later Sir), member of the Legislative Assembly, who was going on a visit to
England, to look out a man whom he might think suitable for the post [22, p.167].
Fuller, a former editor of the Cape Argus newspaper, had become the Cape’s emig-
ration representative in London, and on his return to Cape Town in 1878, became
General Manager of the Union Shipping Line. After discussions between Fuller,
Lord MacLaren (Judge of the Supreme Court of Scotland), Dr. John Murray, Sir
David Gill and Prof. Chrystal (Professor of Mathematics in University of Edin-
burgh), the choice fell on Dr. Thomas Muir. Rhodes was visiting England about
the time that the choice was made and he was introduced by Fuller to Muir at the
Agent-General’s office. They all lunched together with Sir Charles Mills and Sir
Charles Dilke [22, p.167]. An official offered to show him Muir’s testimonials, to
which Rhodes retorted: “Damn the testimonials! I have seen the man” [3, p.122].
(According to the Cape Times of Thursday March 22, 1934 [9(a)], the day after
Muir’s death, this was perhaps the most sincere tribute that was ever paid to Muir.)
Extracts of the letters that had been written by Prof. Chrystal and Lord MacLaren
appeared in the Cape Times of May 20, 1892, where Chrystal wrote: “I have much
pleasure in complying with your request that I should state in writing the grounds (or
some of them) on which I concurred with Lord MacLaren and Dr. John Murray in
recommending Dr. Muir as a suitable man for the post . . . In the first place Dr. Muir
is a distinguished man of science . . . is a man of wide culture . . . has himself had
considerable experience as an examiner of schools . . . stands distinctly at the head of
his profession as a teacher of mathematics . . . I have great faith in Dr. Muir’s busi-
ness capacity . . .”, and Lord MacLaren: “I believe Dr. Muir has turned out a greater
number of accomplished scholars in his own branch of study than any other master
in Scotland, or perhaps in England. I also know from conversations and reference to
books that he is a good linguist and very much alive to the importance of languages
in general culture” see [42(i)–(iii)]. At that stage, Dr. Muir was considering the offer
of the Chair of Mathematics at the newly opened Leyland (Leland) Stanford Jnr.
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University near Palo Alto, California. This was confirmed by Muir in an interview
with Cape Times [9(c)]. In April 1892, after 18 years at Glasgow High School, Muir
was persuaded by Rhodes to come to the Cape as SGE of the Colony. Muir had in any
case been advised to seek a warmer climate for the sake of his wife’s health, and this
consideration, added to the persuasive powers of Rhodes, determined the result. “I
don’t think I should ever have gone to South Africa if it had not been for Mr. Rhodes”
Muir remarked to a representative of South Africa in 1905 [42(f)(iii)]. The Afrikaner
Bond was very much in favour of the appointment of Rev. Adriaan A. Moorrees of
the Dutch Reformed gemeente (congregation) in Cape Town in the position of SGE,
and it took many months before Rhodes could win over to his point of view those
who were prejudiced against Muir. Moorrees, an upholder of High Dutch, was in
1891 a member of the Parliamentary Commission on Education and had been the
Chairman of the Synodal Commission for Education for several years [54].
A complimentary dinner in honour of Thomas Muir was given in St. Enoch Sta-
tion Hotel, Glasgow on April 12, 1892, at 7 p.m. Lord Kelvin occupied the chair,
and among those who gathered to do honour to Dr. Muir, were some of the best
known scientists and educationalists north of the Tweed [42(f)(ii]. There were about
175 guests present, amongst them Professor Cayley of Cambridge University, and
Thomas’s younger brother, Andrew.
Dr. and Mrs. Muir and their children, two daughters and two sons, left Southamp-
ton on April 30, 1892 on board the Union Steam Ships Company’s R. M. S. Spartan.
They arrived in Cape Town on Friday, May 20, 1892 and moved into the spacious
official residence Mowbray Hall, Rosebank [15, p.59]. On the Monday, Muir was at
work in the Education Department in Adderley Street, next to the Groote Kerk, the
Dutch Reformed Church in the Cape Town city centre [9(c)]. He occupied the post
of SGE in the Colony until the formation of the Union of South Africa on May 31,
1910, continuing after that as SGE of the Cape Province until his retirement in 1915
at the age of 70 years.
Muir’s hobbies while staying in Cape Town were Mathematics, Music and Geo-
graphy for the mind; golf and, from the age of 60, also tennis, for the body [42(g)(v)].
Standing about five feet nine inches, he weighs between 11 and 12 stone. Broad-
shouldered and deep chested, “he is all wire and whipcord” [42(f)(iii)]. Most of
the Cape newspapers and journals had welcoming articles for Muir during 1892,
like Cape Times on May 20, 1892 [42(i)(i)], and The Educational News on June 1,
1892 [42(i)(ii)], and also the Gereformeerd Maandblad extended a hearty welcome
to Muir in their columns of June 1, 1892.
Muir’s interest in music led to his studying harmony and musical composition
in Glasgow, and the mathematical theory of sound under Professor Kalley Miller.
In Germany he acquired his taste for chamber and orchestral music. But it was not
until his years at the High School of Glasgow that he, as a mathematical and science
master, had his attention seriously directed to the importance of the teaching of vocal
music in schools, and to the place which music deserved in the school curriculum.
One of the first things that Dr. Muir as SGE did was to gather round him experts
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in school music, a syllabus was drawn up, and these experts travelled from school
to school in the Colony, instructing the teachers how to use the syllabus to the best
advantage [42(i)(iii)].
Dr. Muir was appointed Trustee of the South African Public Library and, in 1893,
also Trustee of the South African Museum in Cape Town. He was Chairman of
the Cape Town Music Society, of the Chamber Music Union of Cape Town and of
the Trustees of the South African Art Gallery, Furthermore, he was also President
of the South African Society for Fine Art [42(f)(iv)], and of the Cape Town Cale-
donian Society at the time of their Banquet in the Royal Hotel, Plein Street, in
celebration of St. Andrew’s Day on November 30, 1895 [42(i)(v)]. In 1884, and
again in 1899, he was awarded the Keith Medal and Prize of the Royal Society
of Edinburgh for his mathematical research. In 1900 he was elected Fellow of the
Royal Society of London, in acknowledgement of his mathematical studies and of
his eminence as an educator. He was also particularly interested in Geography, in
fact, in 1903, he planned and supervised an excellent modern atlas for South Africa,
Advanced Atlas for South African Schools ([42(f)(v)] and [15, p.267]). He was a
Fellow of both the Royal Scottish Geographical Society and the Royal Geographical
Society in England. In addition, he also became President of the Edinburgh Mathem-
atical Society and, in 1910 of the South African Association for the Advancement of
Science. Muir was associated with the University of the Cape of Good Hope in Cape
Town as a member of Council from 1892 until 1913, serving as Vice-Chancellor from
1897 to 1901. The Duke and Dutchess of Cornwall and York (who later became the
Prince and Princess of Wales, later King George V and Queen Mary) visited South
Africa during the second half of 1901 on their way back to Britain after their visit
to Australia. Vice-Chancellor Muir conferred the degree LL.D.(hc) upon the Duke
[42(f)(iv)]. Muir was awarded the C.M.G. (Companion of the Order of St. Michael
and St. George) in 1901.
The Muirs’ eldest daughter, Miss. Nellie Brown Muir, married Mr. Karl Antonio
(also known as Carlos) Spilhaus in February 1903 at Mowbray Hall, Rosebank. Mr.
Spilhaus had his own shipping agency Poppe, Schündorff & Guthrie in Cape Town.
Mrs. Spilhaus, who had a brilliant school and college career, later became the first
woman Member of the Provincial Council in the Cape Province. On October 30,
1908, the Muirs’ youngest daughter, Miss. Lillie Cameron Muir, got married to Mr.
Athelstan Hall Cornish-Bowden, Surveyor-General of the Cape Colony, son of the
late Admiral W. Cornish-Bowden and of Mrs. Cornish-Bowden of Newton Abbott,
Devon, England, in the Mowbray Prebyterian Church, Cape Town.
4. Educator
4.1. Background
The European Church Schools, run by the Free Church of Scotland, Church of
England, Roman Catholic Church, Wesleyan and Lutheran Churches were well-
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known institutions during the terms of Rose Innes and Dale. The Dutch Reformed
Church were prominent in stimulating people to organise schools under Rose Innes’s
Aided-School Scheme. The Dutch Reformed Church and its ministers played a very
important role during the period that the education was voluntary, particularly during
Dale’s term of office. It was therefore most unfortunate that Muir already in his first
year in the Colony somewhat disturbed possible good relations between the Church
and his department when he hinted that the Church had too much say in educational
matters and that some of these ministers were to be blamed for the appointment
of incompetent teachers [8(a)]. The Church was gradually ousted as a controlling
power. The inspecting predikant was replaced by the departmental inspector. Muir
enjoyed the support of the governing party, with the result that he did not pay much
attention to the criticism brought in against him and his department by the Synod of
the Dutch Reformed Church, political parties, cultural groups, etc.
English was the language of the University of the Cape of Good Hope, and
when the first Council drew up regulations for examinations, Dutch was treated as
a foreign accomplishment and was made an optional subject, together with French
and German, in the Matriculation and B.A. examinations. It was possible to pass
every examination up to M.A. without knowing a single word of Dutch, but it was
impossible to pass a single examination without a thorough knowledge of English
[11, p.83]. Even the English speakers were disgusted with this attitude. “It is not
right”, announced the Cape Argus in May, 1891, “that, in a country in which Dutch
plays so important a part, the language should be bracketed with German as a mere
foreign accomplishment”, see [4, p.82].
4.2. Schools and colleges
Throughout his entire term as SGE, Dale was a champion of the principle of
voluntary education, and he thus also regarded the institution of school boards as
against that principle. When Muir became SGE, the standard of work being done
at schools was still very low [3, p.160]. Already in Muir’s First Report as SGE
in 1892, he named the following to be the reasons for the desperate condition in
the schools: (1) the small population; (2) the voluntary character of the education
system; (3) the indifference of the parents; (4) poverty [8(a)]. The following types
(or classification) of schools existed in the Cape during Muir’s term of office: A
schools (first (A1), second (A2), and third class (A3)), district boarding schools,
poor schools, private farm schools, railway schools, mission schools (or B-schools),
domestic schools, industrial schools, agricultural schools, evening schools, schools
for the handicapped, art schools and aborigines’ schools (or C-schools). By 1911,
the only First Class Schools for non-whites was at Lovedale in the Eastern Cape.
This school operated under the protection of the Free Church of Scotland. There
was no essential difference in character between ‘mission schools’ and ‘aborigines’
schools’; both were under missionary control, the former being provided for the
coloured children of the Cape Province proper, the latter for those of the Native
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Territories, according to Muir in his 1911-report [8(c)]. Right from the outset in
1892, Muir was not in favour of white and non-white children sharing the same
schools, see [15, p.184]. In 1893, Proclamation No. 388 came into force: “The
grants at present available for third-class public schools will be available for any
white mission school in a town where there exists a public school of a class higher
than the third”. These white mission schools later became known as ‘Church Third
Class Schools’. In the year of Muir’s retirement there were 36 of these schools in
the Cape Province, while a white pupil in an ordinary mission school was a rarity.
One of the results of the institution of the School Boards in 1905 was that poor
schools were gradually eliminated and replaced by third-class schools; in 1915 there
were only 34 of these schools left, against the 287 in 1906. Muir encouraged large
schools in towns to establish boarding facilities so that children from farms could
receive advanced instruction. The first industrial school for whites opened in Cape
Town and was founded by the Dutch Reformed Church (these were different from
the Native Industrial Institutions). By 1915, when Muir retired, there were ten in-
dustrial schools, making provision for Wagon-Making, Blacksmithing, Carpentry,
Tailoring, Shoemaking, Printing and Bookbinding. In general they could not be
regarded as very successful, mainly because the Government did not show much
interest.
It was part of the policy of the Cape School Board Act of 1905 (published in
the Gazette of 2nd June, 1905 [18(k)] to promote the establishment of separate
public undenominational schools for children of European parentage or extraction
and for children of other than European parentage or extraction. By the expres-
sion ‘European parentage or extraction’ the Legislature meant ‘unmixed European
parentage or extraction’, according to the Court of Appeal at that stage [8(c)]. By
September 1911, only five of the School Boards had made any move in the provision
of schools for coloured children: Cape Town, 3 schools; Kimberley, 3 schools; Port
Elizabeth, 3 schools; Beaufort West, 1 school; Knysna, 1 school. Muir mentioned in
his 1911-report, delivered in May 1912 to the Administrator of the Cape Province,
“that a considerable section of the European community is adverse to a system of
public schools for coloured and native children. In these circumstances the admin-
istration of such schools will probably remain for a long time to come in the hands
of the missionary superintendents of the various churches working in South Africa”
[8(c)]. The fact that Muir did not concern himself much with black education was
reflected in an article which appeared in the Christian Express, the mission magazine
of Lovedale, in 1915 at the time of Muir’s retirement: “It is also to be deplored that,
probably on grounds personal to the SGE from his theory of the content of element-
ary education and want of close personal knowledge of Native needs, and perhaps no
less from considerations of European policy, industrial training, while it was steadily
maintained, was not fostered into extensive developments” [10]. Also, from [47]:
“He was content for the most part to leave native education to the missionaries.
What might have been a period of considerable development was one of stagnation”.
This is also illustrated by the fact that the grant per pupil aided by the Government
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during 1905–1906 was £5 3s 10d for First Class Public Schools, against the 15s 1d
for Aborigines’ Schools [8(d)].
The training of coloured teachers was not in a satisfactory position, and in 1911,
the only schools with any considerable pupil-teacher enrolment, which trained col-
oured teachers, were Zonnebloem in Cape Town and Hankey Mission School in
the Eastern Cape. Genadendal, the oldest mission station in the country, decided
in 1912 to pay serious attention to the training of teachers, and a further training
centre for teachers was opened in 1915 in Salt River. The first agricultural school in
South Africa was established in 1888 in a few rooms rented from Victoria College
in Stellenbosch with the aid of the Department of Agriculture. In 1898 the farm
Elsenburg in the Stellenbosch district was purchased to provide a home for the ag-
ricultural school, and in 1905 control of the Elsenburg school was transferred to the
Department of Agriculture.
In 1915 there were only three schools for the handicapped in the Cape Province,
namely one for the deaf-mutes in Cape Town (in Tuin Plein) [18(a)], another one for
them in Worcester, and also a school for the blind in Worcester. The Dutch Reformed
and Roman Catholic Churches played important roles in their education and in the
establishment of these schools ([3, p.153] and [18(b)]). Before 1905, no government
subsidy was available for schools for the handicapped. The present Institute for the
Deaf and the Institute for the Blind in Worcester both developed out of these schools.
The colleges and A schools all entered pupils for the examinations of the University
of the Cape of Good Hope. By 1899, Muir had had the matriculation classes removed
from the colleges and laid down that secondary education would be the task of the
first and second class schools. The Rhodes Trustees donated £50,000 and the De
Beers Company a further £5000 toward the founding of the Rhodes College in Gra-
hamstown in 1904. By the year 1905, the Victoria College, South African College
and Rhodes College were prepared to commence with the training of higher grade
teachers, but when Victoria College wanted to install a professorship in Education,
Muir was against it: “A Professor in Education will never produce teachers. It will
be all theory” [15, p.347].
4.3. Organisational
When Muir was appointed in 1892, there were, in addition to himself and an
Assistant SGE, six members of staff and two sections, namely the correspondence
section and the accounting section. New sections were gradually created at head
office until by 1910 there were 39 officials, and by 1915 there were nine sections:
Buildings, Examinations, Statistics, Authorisation, The Education Gazette (issued
fortnightly, with extra numbers as required, by the Department of Public Education;
Volume I, No. 1 appeared on Friday, 12th July, 1901), School Boards, Railway
Schools, Registration and General Correspondence. This led to proper and effect-
ive machine-like administration. He did not inspire much love between himself and
his staff, but they had the highest respect for him. Muir enlarged the inspectorate,
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and many teachers were introduced from Britain, especially graduate teachers from
Scotland. The Anglo-Boer War of 1899–1902 frustrated attempts to establish new
schools and led to the closing of existing schools. In March 1902, two months before
the close of the War, the number of schools fell to its lowest, namely to 2388 [18(g)].
The number of school-going children fell dramatically when war broke out, but sub-
sequently rose again. The rise in enrolment may, in part, be ascribed to increased
enrolment in the Transkei and to the fact that children of refugees from the Transvaal
and the Orange Free State entered schools in the Cape Colony [3, p.125]. In 1915,
the year of Muir’s retirement, there were 4548 schools of all types—2700 for whites
and 1848 for non-whites [8(d)].
Immediately after assuming duty Muir began to reorganise the inspection system.
At that time there were eight inspectors in the service of the Education Department.
The first improvement effected by Muir was the allocation of a certain region to each
inspector. The system of ‘payment by results’ whereby the salary of a teacher was
determined by the number of children passed yearly after an individual examination
conducted by an inspector was never generally applied in the Colony. This system
of individual inspection, which had been abrogated in 1890 in Scotland and in 1895
in England, was applied rigidly by Muir throughout his entire term of office. He
was of the opinion that efficient inspection was the corner-stone of any state-aided
system of education. Muir’s system of individual inspection led teachers to teach
with only the examination in mind. The examination was of necessity superficial
owing to the large number of schools which had to be visited. Pupils went in fear of
the examinations, teachers taught with a view only to the examination, initiative was
limited and education suffered. By 1906 individual inspection in the highest classes,
Standards C and D, had been superseded by class inspection for the first time.
Muir’s work as SGE was uphill work, simply because of the difficulty of getting
the Dutch and British parties to work together. In Dr. Leander Starr Jameson, the
Cape Premier from February 22, 1904 to February 2, 1908, Muir found a supporter
who was strong enough to say, “This shall be done”. Dr. Muir was the principal
author of the Cape School Board Act No. 35 of 1905, which fixed a system of
European Education for a considerable number of years in South Africa. He per-
suaded the Cape government to establish, through the School Board Act, a system
of 104 statutory School Board Districts, managing the ‘white’ schools (by Public
Schools were meant State-aided schools for white children), mainly elective, with
power to levy an education rate and to supervise education locally, but always sub-
ject to the Department of Education. According to South Africa of May 25, 1907,
the years 1905–1906 may well be viewed as a period of ‘peaceful revolution’ in
educational affairs at the Cape [42(i)(vi)].
When Muir assumed office, the state of many buildings was unsatisfactory and
he busied himself with plans for their improvement. A building loan scheme was
instituted in 1893 in terms of which the state would advance the full amount needed
to purchase, rebuild or erect a school building. Boards of management, and later the
school boards, were also given the responsibility for local development and plan-
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ning, being able to call on a redeemable loan scheme whereby a school board could
obtain capital for building schools, many of the fine buildings which resulted still
being in use today. He was enthusiastic for the building of beautiful, almost palatial,
schools adapted for their purpose, “to whatever little village you may go, you will
find there no better building than the school” [55, p.181]. During his term of office,
a large number of school buildings were officially opened by Muir or by some other
important official, as was reported in The Educational Gazette.
When Muir became SGE in 1892, the standard of work being done at schools was
still very low. Although teachers were conscientious and hardworking, the teaching
situation was rigid and teachers did not show much initiative. Pupils were not taught
to think, but reacted mechanically to questions [3, p.160]. In spite of this negligence
in some cases, Muir could say when he became SGE: “Speaking generally, I found
the teachers zealous, earnest, and conscientious in their work, anxious to improve,
and more willing to take upon themselves extra trouble than teachers in Europe
usually are” [3, p.110]. Although the status of the teachers gradually improved, there
were no salary scales, and most of the teachers earned the same salary throughout
their entire career. Proper salary scales were only introduced in 1919, when the
teachers threatened with a general strike.
4.4. Muir College
James Rose Innes started his English Free School in 1822 in Uitenhage in the
Eastern Cape. Innes lived in Uitenhage until 1830 and his school was particularly
successful. As SGE, he imported four Scottish teachers to the Cape, and one of
these, John Gibson, took over the English Free School in Uitenhage, whereafter
the name of the school changed to the Government School, also referred to as the
Established School in correspondence. The Uitenhage Proprietary School, a fee-
paying school, was established in 1864 to educate the children of the elite, with Dr.
Rev. Robert Templeton as Principal, while the Government School catered for the
poorer classes. In 1873, the Proprietary School amalgamated with the Government
School to become the Uitenhage Undenominational Public School, a fee-paying state
aided school. Thursday December 23, 1875 was Opening Day of the new school
buildings of the Uitenhage Undenominational Public School The Church School
and the Public School amalgamated in 1886, and the name remained Uitenhage
Undenominational Public School The school entered its first Matriculation candid-
ate in 1881, and in 1888 the school rose in status to a ‘First Class Public School
for Boys’. In 1892, a letter of welcome was written to the new SGE, Dr. Muir. In
the Headmaster’s report of October, 1892 he recorded that it has been suggested
that the school be named Muir Academy. “A good time to christen the institution
would be at the opening of the new wing now being added to the school.” Dr.
Muir accepted the invitation and visited the school on November 22, 1892 to open
the new wing. On this occasion, Dr. Muir suggested that the School Committee
should change the name to Muir High School. The Muir Academy/High School
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had 153 boys on their records on November 15, 1892, and 235 in May, 1901 [12,
p.26].
By 1906, reports began to refer to ‘the college’ instead of ’the school.’ Within
a year, the institution had popularly been designated ‘Muir College Boys’ High
School’, in short, ‘Muir College’, although inspectors’ reports still referred to ‘Muir
Boys’ High School’.
4.5. Reforms
As SGE, Muir initiated several major reforms:
1. One of these was the abolishment of the unduly academic Elementary Examina-
tion in the schools. This task took him ten years to achieve. The establishment of
school singing, as one of the important subjects in the new curriculum, was done
primarily under the influence of Muir. When he arrived in the Cape, he carried
with him his belief in the mission of music, and at once set to work to promote
its study. He did important work by introducing in 1895 the new primary school
curriculum. Attention was paid to Reading, Writing, Arithmetic, English, Dutch,
History, Geography and Religious Instruction. Muir also made a special effort
by making provision for the introduction and teaching of the former neglected
subjects Class Singing, Domestic Economy, Needlework, Woodwork, Drawing,
Nature Study and Physical Education in Cape schools.
2. In 1893, Muir reported: “At present the highest work done in some of the better
class schools in the Colony is painfully elementary. A little Latin grammar, a
little badly digested geometry, and a moderate mechanical facility in performing
elementary algebraical operations, these and nothing more are reported on” [8(a),
p.14]. In an attempt to develop secondary education, Muir from 1899 onwards
graded successful schools as ‘high schools’, giving them a more generous staffing
quota and so making possible the more adequate preparation of candidates for
matriculation. In that year he gave the title ‘high school’ to 35 selected first class
schools, and he had the matriculation classes removed from the colleges. He so
tried to make it attractive for the senior pupils to stay on at the high schools,
instead of going to the colleges for their matriculation preparation. Muir intro-
duced the new four-year secondary school curriculum in 1899. He advocated and
introduced the teaching of science. There were no laboratories for the teaching of
Physics and Chemistry available in almost all schools, but he encouraged experi-
mental work by making money available for laboratories and equipment. Physical
Education was also important to him: “Good health is a primary requirement”.
There were even Challenge Shields and Medals presented for physical training
competitions among the schools of the Cape Division by the Coronation Celeb-
ration Committee of Cape Town [18(d), p.109]. After a few years, the curriculum
stereotyped and few schools could offer subjects other than English, Dutch or
French, Latin, History, Mathematics, one of the sciences Physics or Chemistry
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in the case of boys, or Botany in the case of girls. Domestic Science and Needle
Work were introduced for girls after 1904. In 1904, there were 28 inspectors with
2734 schools to inspect. To provide for a better preparation of the matriculation
examination, the secondary school curriculum was extended to five years in 1912.
3. Assisting in the development of school libraries, he also established at his head-
quarters in Cape Town a well-equipped reference library of educational books on
a wide range of topics for teachers. As was mentioned before, Muir instituted The
Education Gazette in 1901, enabling departmental instructions and information
of interest and value to teachers to be disseminated throughout the Colony and
providing, without charge, a medium of advertising for teachers. One edition
of the Gazette per term, the Quarterly Statistical Number, sometimes occupy-
ing up to 52 pages [18(c), p.14], was solely devoted to school statistics, like
school enrolment and attendance, etc., in each of the more than 4000 schools
in the Cape Colony, classified in terms of the categories of schools (Private Public
Schools, Farm Schools, Poor Schools, . . .) per division, with further subdivisions
and analyses according to gender, race, and so on. In 1903, Dr. Muir was enabled,
through the generosity of his old friend Dr. W.G. Blackie, head of the well-known
publishing firm, to acquire, on exceptionally favourable terms, sets of Blackie’s
Home and Colonial Library [42(i)(vii)]. In 1898 there were 157 school libraries
[18(h), p. 435], in 1903 there were already 329, it increased to 447 in 1904, 1548
in 1908, and in 1915 there were 2257 libraries containing approximately 333,000
volumes altogether [18(b)].
4. His most important achievement was probably the better professional qualifica-
tions of the teaching staff and his attempts to improve the status of teachers in the
CC [42(f)(vi)]. His address at the graduation ceremony of the University of the
Cape of Good Hope in 1892 reflected his seriousness in this regard: “There is,
indeed, no higher or worthier profession, if we will but think of the aims which it
ought to set itself, and of the immense power for good or for evil attaching to it.
And if, for any reason the people of a country have come to think otherwise, the
duty of every well-wisher of the people is to try to guide them towards sounder
views: for assuredly, the nation that takes a petty estimate of the teachers of its
children and values their services at a low figure, will in the long run suffer for
its folly and pay for its niggardliness” [39]. Before 1892 there was no registration
of teachers and this was one of the first shortcomings that Muir tried to eliminate.
He developed specially equipped training institutions for the training of teachers.
He also felt strongly that a wider and more liberal training of primary teachers
was desirable. Muir found one Normal School on his arrival in the Cape, namely
the one established by the Dutch Reformed Church in January 1878 (mentioned
before) in Buitenkant Street, Cape Town, preparing students for the Middle Class
Certificate; he left 12.
Soon after his arrival in the Cape, Muir gathered round him experts in school
music, such as Mr. James Rodger, Mr. Arthur Lee (who became music inspector in
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the Western Province) and Mr. Frederick Farrington (who became music inspector
in the Eastern Province); a practicable code was devised, a syllabus was drawn up,
means of instruction for teachers were provided, concerts, demonstrations, and com-
petitions were organised. Vacation courses were arranged for acting teachers, and
classes were organised for the young teachers as yet unfledged [42(i)(iii)]. By 1904
it was reported that Singing was the most popular of the so-called extra subjects By
1906, there were 21 Challenge Shields that were annually competed for in the Music
Competition Movement at school level [42(f)(iii)], like, for example, the Sivewright
Challenge Shield for Railway Schools [18(e), p.190], and the Shield for the annual
competition among the schools of the districts Albert, Aliwal North, Molteno and
Woodehouse [18(i), p.102].
4.6. Trips
The Muir Manuscript Collection in the South African National Library (SALN)
in Cape Town, contains six well written diaries of Muir’s trips by train to the interior
of the Colony. Most of the trips were made in “our old coach 362”, the Butterworth–
Kenhardt trip in “the substitute for our old coach 362”, and the Mafeking trip in
“coach 174”. Most of these well-kept diaries are in his own neat handwriting, de-
scribing in detail the times of departure from and arrival at the stop overs, the sun-
downers (usually, whiskey), the conversations with companions on the train, the
weather, his meetings with teachers and predikants, etc., at the various towns on
the way.
Muir described the coach on the Butterworth–Kenhardt trip, 3rd–23rd October,
1911 [42(a)], as follows: “It looked well, but having been got only at the last moment
was not very shipshape, and was exceedingly poorly lit. It turned out not to be the
property of the Railway Department but to belong to Pauling’s firm, and not having
been recently used the electric gear was all out of order, while no alternative for
electric light was provided. Just as we were starting, candles were secured without
candlesticks, and a lamp was impounded . . . My bedroom was roomy and comfort-
able, furnished among other things with a writing-table and a pigeon-holed desk. The
common room was large and well-seated; the bath-room was as good as that of the
old coach, and as for the stoep (stoop) it was a perfect treat, being broad enough not
to be encumbered by a nice Madeira chair in which one could lounge at ease. On the
whole things looked promising . . . In this mood I went to bed early”. On Wednesday,
4/10/11, Muir wrote: “Not up until eight o’clock, having passed Matjesfontein some
time before . . . Most of the day was spent in the stoep wicker-chair, where reading
could be done with perfect comfort and with a nice current of fresh air playing round
one. I consequently made great progress with my mathematical work, Schellbach’s
paper of 1836 and Ligowaki’s of 1861. The flowers in some parts of the Karroo were
abundant, . . .”.
On the trip to Mafeking, 5th–16th March, 1912 [42(b)]: “Tuesday 5/3/12: . . .
Coach ‘174’ was found to be a one-man coach, that is to say, there was no second
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sleeping cabin, but otherwise it promised to be most comfortable, the most notable
new feature in it being a speed-recorder of American construction”. Upon reaching
Worcester, Muir wrote: “On the platform waiting for us were old Meiring and his
Airedale terrier, Gie the R.M., the Rev. de Villiers, and Inspector Robertson . . . The
evening dinner at the ‘residency’ was not exhilarating, the strangers besides ourselves
being Inspector and Mrs. Robertson. Our hosts, I was sorry to find, were a little
disappointed that I had preferred my quarters in the coach, and both of them told
me that they had had the pleasure recently “of putting up my son-in-law” (Athel).
After coffee a chance visitor came in, the very last man I had expected to see in
Worcester, Dr. Young of Steynsburg, and the conversation brightened . . . , and we
consequently were not long in having Worcester gossip, and Steynsburg stories, and
Glasgow reminiscences. I saw also that he was burning to recall to the Gies a jovial
night. We had spent in his house at Steynsburg when his wife (a sister of Judge
Hopley’s) and I had sung ‘O wert thou in the cauld blast’ with great applause and
much whisky-drinking”.
4.7. Language
In an interview granted to The Cape Illustrated Magazine during his second
year at the Cape, Muir stated distinctly that it was the practice of himself and his
assistants not to make the slightest difference as regards the Dutch and English
languages with reference to the standards of efficiency. If a farm schoolmaster de-
sired that his pupils should be examined in Dutch alone, well and good. Although
Muir thus supported the principle that subjects should be approached from a local
point of view and agreed that “pupils may take their Standards (terminology in-
troduced by Dale) either in English or in Dutch”, Dutch was still neglected. In-
spectors, of whom some could only speak English, were not sympathetic towards
Dutch.
Muir in 1910, about the situation in 1892: “. . . At the same time European Dutch
was a common school subject, the language, however, being often taught merely in
the way in which French used to be taught in English schools. In addition to this it
was not at all uncommon to find the Cape colloquial form of Dutch used in country
schools for the purposes of explanation [32]. It was the opinion of Mr. C. Hofmeyr,
one of Muir’s former inspectors, that Muir came to the Cape Colony to promote the
Rhodes-politics of his time, namely to strengthen the English side of the educational
system and to steer the business towards a unilingual English colony [28]. Even
before the end of the Anglo-Boer War in 1902, the British government shifted its
attention to the possible anglicisation of the conquered republics through the schools
in those areas. Reflecting the atmosphere among the English speaking teachers of
the Colony in 1901, the Kimberley branch of South African Teachers Association
adapted, on May 7 of that year, in a motion “that English should be the medium
of instruction in the State-aided schools of the new colonies” and “that under no
circumstances should Dutch be used as a medium of instruction in these schools
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after a period of three years from the time a settlement is effected” see [15, pp. 298,
299] and [19(a)].
4.8. Criticism
Muir almost never mentioned anything about the theory or philosophy of Edu-
cation. His annual reports were models of statistical accounts, reflecting the de-
velopments from year-to-year. His educational system at the Cape showed great
correspondence with the 1872-Scottish model, particularly as far as the institution of
the School Boards in 1905 were concerned. But, with Muir at the helm, the Education
Department reached an impressive level of efficiency. Gradually, by means of stricter
inspections, making improved curricula available, greater scrupulousness regarding
the qualifications and capabilities of teachers, and more careful control of grants, the
SGE succeeded in transferring the balance of power from the local authority to the
Education Department. Muir used the system of ‘individual inspection’ by a corps
of inspectors as a means of control over the teachers, and to spread the influence
of the Department of Education to all corners of the Colony [15, p.139]. Although
Muir had to work in often difficult times at the Cape, several valid criticisms can be
directed against his work. Daleboudt [15, p.89] claims that the office of SGE became
in some ways an autocracy during Muir’s tenure. The accusations made in the press,
and also in public, against Muir were that it was difficult to get hold of money and
that too many forms had to be filled in and too many letters written before matters
could be finalised. While Dale, with his laissez-faire style, had been prepared to make
concessions and interpret regulations broadly, Muir did not deviate from the letter of
the law. In fact, he paid little attention to the complaints and defended himself by
saying that he always acted within the law.
Although the curricula introduced in Muir’s term of office would be able to ensure
a good education for the average pupil, the way in which they were introduced was
strongly criticised. The teacher had virtually no freedom and no provision was made
for varying circumstances [3, p.164]. This was in strong contrast to the situation
in the Transvaal, Orange Free State and Natal, where the teachers were allowed
much more flexibility regarding their curricula. Muir was also ignorant about local
traditions, circumstances and aspirations of the people in the rural areas, especially
of the Dutch [15, p.93]. Education in the Cape was also influenced by the Education
Commission of 1910, with Prof. H.E.S. Fremantle, Member of Parliament for Uiten-
hage, as Chairman. This Commission condemned the rigidity of Muir’s curricula and
the inflexibility of the implementation. There was no room in Muir’s syllabus that the
personality, circumstances and prospects of the individual child could be taken into
consideration. The same unchangeable syllabus was forced upon everyone. One of
the objections against greater flexibility was that the teachers were not sufficiently
equipped and trained to handle greater flexibility in the curricula. With his obstinate
‘cast-iron’ system of individual inspection, Muir had but one thing, namely absolute
uniformity, in all schools in mind. The skills of the pupils at the yearly inspections
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were calculated and judged with almost mathematical precision, in spite of the ‘wider
view’ preached by Muir before. Muir was also criticised for his neglect of Dutch. In
spite of the criticism of the Commission, which annoyed Muir so much that he nearly
resigned his post, the curricula introduced at the end of the 19th century were used
for more than twenty years. This Commission was also greatly concerned about the
large number of examinations introduced during Muir’s term. Apart from the various
examinations for pupil-teachers, there were examinations for the official subjects in
the syllabi, for Drawing, Art, Domestic Science, all technological subjects, . . .. “It
would be hard to find another country so sublimely blessed in this respect as our
own. We have examinations bodies galore; everything is determined and gauged by
the number of certificates that can be produced” [19(b)]. The Department of Educa-
tion encouraged the examination-mania even further by publishing in the Gazette
comparative tables of the results obtained by the more important schools in the
matriculation examinations. In the Gazette also appeared the examination results
of pupil-teachers’ examinations (first year–third year), kindergarten examinations,
pupils’ woodwork examination, etc. [18(f), p.337)]. The examination results became
the criterion by means of which the progress and quality of work in a school is
determined. The names of the successful 1903-Cape Colony candidates of the Tonic
Sol-Fa College appeared in the Gazette of Friday March 25, 1904 [18(h), p.434)].
In the Gazette of Friday April 21, 1905 [18(j), p.585], one finds some detail about
more competitions: (i) the Goschen and the Victoria League History Prizes (gifts of
members of the Imperial Parliament) and the Duke and Duchess Geography Prizes—
for these examinations, the course in Geography was the British Empire (as required
for Standard VII), and the course in History was British History from 1688 to 1815
(as required for Standard VII), with special reference to the careers of Wellington
and Nelson; (ii) the annual competition in drill, marching, songs and games for Infant
Schools, open to teams of not more than 30 Sub-Standard pupils under eight years
of age. The teachers spent all their energy to cover the prescribed work as soon as
possible so as to use the remaining time before the inspection to repeat and once
again repeat the work in order to impress the inspector on his rounds. “The work
becomes mechanical, the teachers and taught lose interest, work like machines, and
the school time is diverted from its proper use. The children suffer in having to
submit to what is to many a physical torture. They are not stimulated to growth,
but unmercifully pruned that they may be presented on examination day all after one
model, and as near the same pattern as possible”, Addendum to the Fremantle Report,
see [15, p.127]. There was almost no room left for the intellectual development and
for the unfolding of the spiritual character of the child. Not even the opinions of the
SATA, ZAOU, Dutch Reformed Curch, members of the Fremantle Commission or
prominent educators from the UK, could convince Muir of the undesirability of his
system of individual inspection. Muir expressed himself strongly against a system
of class inspection, because, according to him, the pupils and the teachers were not
cultured enough for such a process. When asked for proof for this assertion, Muir
just replied: “I know it” [15, p.136]. He effectively used the method of inspection to
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centralise the control of the Education Department as far as possible, and to carry the
influence of the Department to all corners of the Colony.
On March 6, 1905 ‘Onze Jan’ Hofmeyr delivered an address (in Dutch) at Stel-
lenbosch with the subject ‘Is het Ons Ernst’? (Are we in Ernest?).
“I am here this evening to consider the question: ‘Are we in earnest? In earnest
with what? In earnest with the assertion, with the assertion of so many,—that we,
really feel the way in which our language has been ignored, derided, despised,
oppressed, that we regret it, that we desire to raise our language, to restore it to
its position of honour, and to contribute all in our power to that consummation?
. . . Who is to be blamed for the position, that I have indicated?
. . . In this sad language question, too, we have only too often an evil spirit, a
devil, as scapegoat ready to hand. In this case he is not called by the old names, by
which our fathers knew him, the names of ‘Satan,’ ‘Beëlzebub’ or ‘Diabolus.’ No,
at present he has got brand-new titles. Sometimes he is called ‘the Government,’
on other occasions ‘the University,’ but mostly ‘Dr. Muir.’
Do we Dutch Africanders really make use in our schools of the liberties, which
the law allows, which even Dr. Muir cannot keep from us?
Why, there are numbers of schools for girls in our country standing under mainly
Dutch-Africander Directors, elected by Dutch-Africander guarantors, taught
mainly by Dutch-Africander teachers, and attended by Dutch-Africander pupils,
where none the less so little is done for Dutch teaching, . . .—where the pupils are
seldom allowed to speak their mother tongue, where religious instruction (to the
daughters of Dutch-Africander farmers, beloning to the Dutch Reformed Church)
is given in English—where family worship is conducted in English, pretty well
nothing but English hymns are sung, English texts learnt and English prayers
offered.
Is that the fault of the devil—or of Dr. Muir? You all known it, he has absolutely
nothing to say on such subjects. The School Committees regulate these things just
as they please. . . .But when there is any talk in public about ‘the scandalous treat-
ment of our precious mother tongue,’ then many of them (the Dutch-Africander
parents) join in the protests, as though they, too, felt repugnance. I ask them on
their conscience, Do they mean it? Are they in earnest? (Is het hun Ernst?) . . .
I am a better man—I go further, I am a better Africander, because as well as
Dutch, I also know English,—because I have also dipped into the patriotic writers
of England, and have not altogether neglected the Dutch. English has not made
me un- or anti-Africander in my sentiments—it has not denationalized me . . .”
[27, pp.598, 599].
4.9. Farewell
When South Africa found itself under financial pressure as a result of the First
World War, the Union government requested the Provincial Administration, as an
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economy measure, to place on pension all senior officials who had already reached
pensionable age. Muir, who was already 70 years old, accordingly retired on 30 June,
1915. On Muir’s impending retirement the newspaper George Herald of 31 March
1915 writes: “Dr. Muir has reached the age of seventy, but in power of work, in
mental alertness and physical strength he is still among the young men . . . Dr. Muir
is a Scotchman, possessing all the finest attributes of that nation, courage, grit, an
intellect which brought him a European reputation and above all a gift of organisa-
tion which in the course of 22 years has revolutionized Education in South Africa”
[42(g)(i)]. The School World of June 1915 wrote: “Dr. Muir was one of the happiest
discoveries of Cecil Rhodes” [42(g)(viii)]. A ‘Farewell Dinner in Honour of Sir
Thomas Muir, Kt., C.M.G., LL.D., F.R.S., etc., Superintendent General of Education
in Cape Colony 1892–1915’ was given by the administrative staff of the Education
Department to their ‘Chief’ on the 25th June, 1915 at the Royal Hotel. The chairman
on that occasion was Mr. Charles Murray M.A. [42(c)]. The song ‘A Highland Idyll’,
with words by Sir Thomas Muir and the music by Mr. James Rodger was performed
at this dinner. On July 9, 1915, the Mayor and citizens of Cape Town honoured Muir
at a dinner in the Mount Nelson Hotel, Cape Town. Among the guests were John X.
Merriman M.P., Sir James Molteno (Speaker of the House of Assembly), Sir Thomas
Smartt, Mr. J.W. Jagger, . . . At the dinner, Merriman had it about Muir’s beautiful
schools: “Whatever little village you go to, you find that there is no better building
than the school. And, I make bold to say, these schools you owe to the labours and
energies and persistency of Sir Thomas Muir. Future generations will remark these
things, and will be proud of them. We owe them to Sir Thomas Muir” [9(c)]. When he
retired, Sir Thomas and Lady Margaret had to give up the spacious official residence
Mowbray Hall and with it a large part of his library for lack of room to contain in
their home ‘Elmcote’, in Rondebosch, Cape Town, to where they moved.
Dr. Muir was knighted on the King’s birthday in 1915, but not before some
newspapers had expressed their dissatisfaction about Muir’s long and unexplained
exclusion from previous years’ Lists of Honour. For example, E.P. Herald, Feb-
ruary 22, 1913, wrote: “Meanwhile the financiers and political time servers of the
Nationalist Party receive honours from their Sovereign to the open amusement and
indignation of the public, while faithful public servants, of unquestioned industry
and ability, are left out in the cold” [42(i)(viii)].
Researchers have described Muir as an extremely intelligent man, capable of
acting calmly and firmly, whose competence and administrative genius compelled
admiration. However, he could also be stubborn and unyielding and was criticised
for his unbending, autocratic actions and the fact that he was not in touch with the
people of the platteland (rural areas). Nevertheless, as indicated, Dr. Muir was one
of the greatest organisers and reformers in the history of Cape education. He will be
remembered for reforms such as:
• the improvements in the curricula
• the establishment of training colleges and special educational institutions
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• the improvement in the status of teachers
• in-service training and improved training of teachers
• improvement of school buildings
• provision of textbooks and readers
• introduction of neglected subjects
• improved school attendance
• establishing of school boards
• provision of educational facilities for handicapped pupils
• providing the poor with educational facilities
• removal of matriculation classes from colleges
• reorganisation of head office
Both his mathematical and educational labours are permanent memorials to him. He
was known as a kind, gentle and courteous man with twinkling eyes and a quick
sense of humour, and with amasingly wide cultural interests. He was a scholarly
musician, and one of his last public appearances was when he attended the opera in
August, 1933.
5. The pensioner
Sir Thomas had a refined judgement in poetry, and at one time had a fine library
of English literature, before his mathematical collection crowded it out. A book of
poetry ‘Scots and other Verses, from a S.A. scrap-book 1892–1933’ full of poems in
his own handwriting is among his documents in the Muir Collection [42(d)]. He also
enjoyed the works of Robert Louis Stevenson, Olive Schreiner and Rudyard Kipling,
and he regarded Pauline Smith to be the greatest writer of South Africa [55, p.182].
A bronze bust of Muir, by W.G. Bevington, A.R.C.A., of Cape Town, is nowadays
being kept in a storeroom in the SANL in Cape Town.
The subsequent 19 years were perhaps the most remarkable period of his whole
life. Lady Margaret died after a long illness at ‘Elmcote’ on April 2, 1919. Sir
Thomas was too busy to grow old. For algebra he maintained his enthusiasm to
the end. From the age of 60 until 84 Muir played tennis, and on one occasion at that
age he played four sets with his grandchildren. When at last the tennis racquet was
abandoned he took exercise by sawing wood or walking among his beloved flowers
and pine trees. Muir enjoyed a wonderful health—until he was 80 he had occasion
to consult a doctor only four times and a dentist twice. In 1917, Muir was a member
of the Provisional Committee for drawing up the constitution of the new University
of South Africa ([42(f)(vi)] and [42(g)(iv)]). Sir Thomas also became a member of
the Civil Service Club in Cape Town.
By a deed of gift, drawn up in 1920, Sir Thomas bequeathed his mathematical
series, 2500 books and pamphlets to the South African Public Library (presently,
South African National Library, SANL) in Cape Town. It was a condition of the
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gift that the serials are kept up to date and suitably bound; in fact, in order to
assist the Library to adhere to the agreement, the Rhodes Trustees donated £250
‘as an endorsement towards keeping the Muir Mathematical Library up to date’
[42(g)(iii)]. At the time of this bequeathment, it was said of this collection to be
second to none in the British Empire, with the exception of those in the British
Museum and in the University of Cambridge. The elements of the collection had been
gathered from almost every country of Europe. This collection he began in Berlin in
1871. Some of the sets of serial publication were exceedingly difficult to obtain,
and regarding the theory of determinants and cognate branches of mathematics, Sir
Thomas Muir’s collection was believed to be the most complete in existence at that
time.
Early on the morning of his 88th birthday, August 25, 1932, Sir Thomas received
the congratulations of his two daughters. His first great-grandchild, Antonia Muir
Spilhaus of Somerset West, came in to greet him a few days in advance [42(f)(ix)].
His two sons were living abroad and many of his grandchildren had already scattered.
In an interview with the Cape Times in September 1928, Sir Thomas stated, about
his life: “I have enjoyed my life and I have enjoyed my work, but I should not want
to live my life over again”. When asked for some maxim in which the youth of South
Africa might find guidance towards success, he compiled by quoting this couplet,
taken from a book of his own verse [42(g)(v)]:
“If duty calls thee, haste to go;
If mere desire, be sure and slow.”
“For that seems to be the tendency of the modern age that people follow desire too
easily”, he remarked.
When Sir Thomas died after an illness of 10 days in Rondebosch, Cape
Town at 16:30 on March 21, 1934, he was survived by three generations. “To the
last he preserved the unclouded brain, the acute and investigating spirit, and, in
great measure, the energy and natural force which are the benison of a quietmind”
[9(b)]. His death notice in the Cape Times of March 22, 1934, had the following
form:
DEATHS
Muir—Died at Elmcote, Rondebosch, on Wednesday, in his
90th year, Sir Thomas Muir, F.R.S.
Private funeral by his express wish, this (Thursday)
afternoon, 22nd March.
The author of this article found the unobtrusive horizontal grave stone in plot
9042, Maitland Cemetery, Cape Town, covering the graves of Sir Thomas and his
wife Lady Margaret. It was covered by a layer of sand. The inscription reads:
32 P. Maritz / Linear Algebra and its Applications 411 (2005) 3–67
Sir Thomas Muir,
Born 25th August 1844,
Died 21st March 1934
and his wife
Margaret Bell Muir,
Born 10th October 1847,
Died 3rd April 1919.
On November 24, 1933, T. MacRobert, ‘a long-forgotten pupil in Glasgow’ of
Thomas Muir wrote to his former teacher: “I trust that you will have many years of
useful and happy life here, and I expect that you will carry on your studies in the
eternal home” [42(g)(vi)]. In the death of Sir Thomas Muir, South Africa indeed lost
one of her greatest and noblest men, a man whose high intellectual powers served
his country well in the cause of education.
All Muir’s letters received from mathematicians and other scientists were burned
on July 17, 1932. Among those scientists were well-known people like H. Blackburn,
A. Cayley, A.R. Forsyth, J.J. Sylvester, J. Hadamard, Lord Kelvin, Mittag-Leffler, E.
Pascal, L.H. Rice, . . . [42(f)(viii)].
The following tribute, apparently written by one of Muir’s colleagues, appeared
on page 10 in the Cape Times of Friday, March 23, 1934.
SIR THOMAS MUIR
Chieftain! farewell! We of thy humble train,
We who once followed thee with loyal hearts,
Ourselves now grey with age and spent with toil,
Would lay our last, leal, tribute on thy grave.
Not thine alone the throne—the battle front
Saw thee the foremost. Did our spirits fail
And turn from labour’s burden—see! the Chief
Undaunted, still advancing, holding high
The lamp of learning!—so our hearts we steeled.
Storms thou did’st weather but the end was peace.
Serene, untroubled was that ample brow
As years sped by—and still the eager brain
Threading the mazes of some world unknown
Untrod by man—and yet to human kind
Courtly, responsive, just compassionate.
Honoured in thee for ever is the land
That bore thee, and the land thou mad’st thine own.
A.H.J.B.
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Part II : His Mathematics
In his long retirement—a whole generation grew up in South Africa since Muir
had laid down his long labours as SGE in the Cape Province—he pursued with
singleness of purpose and an unaffected simplicity the scientific goal that he had had
held in vision for more than 50 years [9(b)]. The ‘Revised List of the Mathematical
Writings of Thomas Muir’ (referred to as the List) [42(e)] included below in this
part of the paper, contains the titles of his mathematical publications. Because of his
extensive research in the field of determinants, Muir was as that stage recognised as
the world’s greatest authority of this branch of mathematics.
Muir devoted himself to Mathematics after his retirement at the age of 70, writ-
ing many papers and completing his monumental work on determinants during the
remaining 19 years of his life. In 1917, the Royal Society of Scotland awarded the
Gunning-Victoria Prize (£105) for the quadrennial period 1912–1916 to Sir Thomas
“for your important and continuous investigations into determinants and their con-
nected forms” [42(g)(vii)]. These investigations refer to his series of memoirs upon
‘The Theory and History of Determinants and Applied Forms’ published in the
Transactions and Proceedings of the Society between the years 1872 and 1915.
On July 9, 1917, Sir Thomas wrote to Mr. John X. Merriman M.P.: “Dear Mr.
Merriman, My best thanks for your kindly letter. The ‘Gunning-Victoria’ prize is
the sort of honour one really cares for—an award independent of extraneous influ-
ences and irrelevant considerations. Fortunately, too, I enjoy the work, prize or no
prize” [42(g)(ii)]. He wrote more than 320 papers, mostly on determinants and allied
subjects, while also continually supplementing and improving existing proofs.
In December 1921, Sir Thomas became the first recipient of the honorary degree
of Doctor of Science from the University of Cape Town for the work done by him
in the cause of education in South Africa, and for his research work in Mathematics
which had gained world-wide recognition [42(g)(iv)]. At this ceremony, Professor
Crawford, in presenting Sir Thomas Muir to the Vice-Chancellor, said: “Sir Thomas
Muir began to publish papers on mathematics in 1872. He had taken up as his life-
work the history and the theory of Determinants, and in this field he has made himself
the master for the world. His Bibliography of Determinants began with a first list of
papers on the subject which was published in 1882 in the quarterly Journal of Pure
and Applied Mathematics. Lists 1–7 had now been published and list 8 was still to
come” ([42(f)(vi)] and [18(l)]). A French critic, in the Revue Des Questions Scienti-
fiques, described Muir as “dans ce domaine incontestablement le plus competent au
monde” [42(g)(iv)].
Muir succeeded in making accessible the pioneering work in algebra of Laplace,
Bezout, Cauchy, Schweins, Jacobi, Reiss, Bazin, Sylvester, and Cayley. Through
his artistic sense of form, and partly by the use of a telling notation, and partly by
effective commentary, he moulded countless isolated or overlapping propositions
into a convincing whole. Perhaps his greatest service, according to Turnbull [55],
was the elucidation of the long forgotten work of Schweins (1825), whose theorem
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upon the expansion of the quotient of two determinants, which differ only as to the
elements in one column, is the master key to the subsequent history.
An outstanding teacher by nature, Muir indeed reached and influenced many
mathematicians through his publications. In 1876, Thomas Muir read a paper be-
fore the Mathematical Section of the British Association, and in July 1929 in Cape
Town he read another paper before the same body. Lord Rayleigh, who presided
the meeting in 1929, mentioned that he remembered as a boy hearing his father
discuss with Lord Kelvin the work of Muir [42(f)(vii)]. That Thomas Muir was a
man of distinction among his countrymen, was reflected by Lord Kelvin’s highly
extravagant laudation, even for those years, that appeared on March 22, 1934 as
a leading article in the Cape Times, [9(b), p.8]: “Thomas Muir was not only the
greatest living mathematician, but the greatest mathematician that ever lived”.
Of the few articles in his own neat handwriting that are available in the Muir
Manuscript Collection, there is one on ‘Correspondence on formulae for the peri-
meter of an ellipse’ [42(j)(ii)], see also [42(j)(i)]. This correspondence was between
Muir, H.C. Litchfield (an engineer in the Railway and Public Works Department,
Cape Colony, 1870–1908) and C.J. Whitmell of Leeds, England, and took place
during 1917. A paper as recent as 2001, see [2], refers to Muir’s 1883-paper (the
List, item 50; see also item 131) on the approximation of the perimeter of an ellipse.
In his paper Muir showed that, for an ellipse in which a and b denote the lengths of
the semimajor and -minor axes, the expression 2((a3/2 + b3/2)/2)2/3 gives a close
approximation to the perimeter of an ellipse: ‘The perimeter of an ellipse is very
approximately equal to the perimeter of a circle whose radius is the semi-cubic mean
between the semi-axes of the ellipse’. The paper [2] recognises Muir’s approximation
to be a very accurate lower bound among the approximation for the ellipse perimeter.
His first book (actually, booklet or, pamphlet) was on quadratic surds and it ap-
peared in 1874, [43]; see the List, item 9. In his investigations into the properties
of a new special form of determinant, namely ‘continuants’ (see the List, item 8, or
[45(b), p. 413; (c), p. 393; (d), p. 396)], intimately connected with the subject of con-
tinued fractions, Muir found it necessary to study that particular class of continued
fractions which are expressible as quadratic surds. He mentioned that the ordinary
text-books at that time had only dealt in a rather fragmentary way with the case in
which the extrahend (that is, the number under the root-sign) is an integer. In [43],
Muir presented for the use of students a logically arranged exposition of the subject
in its general form, including the more elementary of the new results which had
been obtained. He first treated the case where the extrahend is a rational number, and
proved various results on the cycles necessitated in the operations of dividing, such
as: No quadratic surd can be expressed as a terminating continued fraction, or, In
the cycle of rational dividends no two consecutive terms can be equal without being
the middle terms of the cycle; and the divisor and partial quotient corresponding
to the former of the two must each be the middle term of its own cycle. In the special
case where the extrahend is an integer, Muir also presented some new results, such
as: Any integer whose square root when expressed as a continued fraction with unit-
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numerators has an odd number of terms in its cycle of partial quotients, must be the
sum of two integral squares prime to each other.
His second book ([36]; the List, item 24), on arithmetic, appeared in 1878 and
dealt with the elementary arithmetic suitable for higher classs schools. It covers the
following topics: nomenclature of integral numbers; fundamental operations of cal-
culation: addition, subtraction, multiplication, division; units of measurement (feet,
inches, furlongs, yards, etc.), acres, square poles; prime factors; least common mul-
tiple; fractions, decimal fractions, roots of numbers, including higher roots; practical
examples on costs, rates of interest, and so on. In the preface of this book, Muir
wrote: “In writing the present text-book the aim has been to produce a work which
should be accurate from the point of view of the mathematician, which should be
rational in its mode of treatment as far as this is possible or expedient, which should
present the essentials of the subject with the accessories in their proper place as ac-
cessories, and which, while suited for the purpose of general mental training, should
be equally adapted for the practical business of life”. The concluding chapter of this
book contains an historical survey of the books on arithmetic that had appeared prior
to the year 1878.
Muir’s third book ([37], 1882; the List, item 43), and his first on determinants,
was a text-book containing a full exposition of the theory in a form suitable for
students, and having at intervals graduated collections of exercises to test the reader’s
progress and to prepare him/her for the succeeding stage of the subject. It has as con-
tents: determinants in general; determinants of special form: continuants, alternants,
symmetric determinants, skew determinants and Pfaffians, compound determinants;
determinants whose elements are differential coefficients of a set of functions; his-
torical and bibliographical survey. This book was revised and enlarged by his friend
Willian H. Metzler and privately published in 1930 in New York [38(a)], thereafter
also in 1933 [38(b)] and in 1960 [38(c)]. In [37, p.224], Muir introduced the term
Wronksian into the mathematical vocabulary; see [45(b), p.219] or the List, item 199.
6. Hadamard’s Inequality
In this section we discuss the possibility that Muir may have discovered Hadam-
ard’s determinant inequality before Hadamard.
If A = [x1 |x2| · · · |xn]n×n is an arbitrary square matrix, then
|detA| 
n∏
k=1
‖xk‖2 =
n∏
j=1
(
n∑
i=1
|aij |2
) 1
2
(1)
where ‖xk‖2 = (∑ni=1 |aik|2)1/2 is the Euclidean norm, with equality in (1) above if
and only if the xk’s are mutually orthogonal. The inequality in (1) is presently gener-
ally known as Hadamard’s Inequality (see, for example [33, p.469]), and dates from
the year 1893 [24,25]. The inequality asserts that the volume of the parallelepiped P
generated by the columns of A cannot exceed the volume of a rectangular box whose
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sides have lengths ‖xk‖2, a fact that is geometrically evident because P is a skewed
rectangular box with sides of length ‖xk‖2. There are numerous interesting papers
discussing various aspects of Hadamard’s Inequality for determinants appearing in
the literature. For example, Dixon [17] defines the Hadamard ratio as follows (in the
terminology of (1)):
h(A) =
{ | detA|∏n
k=1 ‖xk‖2 if all xk are non-zero,
0 if some xk is zero.
Then h(A)  1 for all A with equality if and only if the columns of A are mutually
orthogonal and no column is zero. Then Dixon proves that if A is a random variable
having the properties:
(i) that the density of the distribution at A depends only on the values of ‖x1‖2,
‖x2‖2, . . . , ‖xn‖2, and
(ii) the probability that det(A) /= 0 equals 1,
then the random variable log h(A) has mean − 12n− 14 log n+ O(1) and variance
1
2 log n+ O(1). In particular, for each ε > 0, the probability that the inequality
n−
1
4−εe−
1
2n < h(A) < n−
1
4+εe−
1
2n
is satisfied tends to 1 as n→∞.
Hadamard’s maximum determinant problem asks to find the largest possible de-
terminant (in absolute value) for any n× n matrix whose elements are taken from
some set. Hadamard [24] proved that the determinant of any complex n× n matrix
A with entries in the closed unit disk |aij |  1 satisfies
| detA|  nn2 (2)
(which is obvious from inequality (1)) with equality attained by the Vandermonde
matrix of the nth roots of unity [20, p.331]. If the entries of A are all real, Hadamard
[24] remarked that a necessary condition for equality in (2) is n = 1, 2 or n ≡ 0 (mod
4).
Real matrices with determinant nn/2 are now appropriately called Hadamard
matrices, and Hadamard conjectured the existence of a Hadamard matrix for every
positive multiple of 4. This question has attracted a great deal of effort, but less
attention has been devoted to the equally challenging problem of determining the
maximum value | detA| can attain when n is not a multiple of 4, see [5]. In any
case, the Hadamard matrix conjecture (sometimes referred to as Paley’s conjecture
(after R.E.A.C. Paley [46], 1933) asserts that if n is a positive integer divisible by 4,
then there is a square matrix A of order n, having all its entries +1 or −1, such that
AA′ = nI , where I is the identity matrix of order n and A′ is the transpose of A; the
rows of A are pairwise orthogonal.
A number of associated ideas have been developed in the search for Hadamard
matrices, see, for example [26]. The mere existence of these matrices has extensive
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consequences in many fields of research, such as optimal weighing designs, informa-
tion theory, error correcting, detecting codes, the production of block designs, and so
on; see [26] for a brief review of these applications, with special reference to areas of
statistical interest. For a more recent contribution of Hadamard matrices and designs,
consult [14], where it is also mentioned that Hadamard’s conjecture is confirmed for
n  428. See [23] for an interesting application by the Jet Propulsion Laboratory
of Caltech of the rows of an Hadamard matrix as a set of ‘code words’, because of
the high degree of mutual distinguishability (as many disagreements as agreements)
between any two such rows (+ and − are used as abbreviations for +1 and −1):


+ + + + + + + +
+ − + − + − + −
+ + + + − − − −
+ − + − − + − +
+ + − − + + − −
+ − − + + − − +
+ + − − − − + +
+ − − + − + + −


.
In their research, Golomb and Baumert [23] discovered the 92 × 92 Hadamard mat-
rix.
The earliest Hadamard matrix construction [14, p.372, Construction 24.17] was
given by Sylvester [51] in 1867 (see [45(c), pp.288–290]) 26 years before Hadam-
ard’s 1893-paper [24]. Hadamard [24] used it together with matrices of orders 2, 12
and 20 to produce infinitely many orders.
Let us now take a step back into history. In 1930, Muir [45(e), p.90] referred to
Hadamard’s Inequality (1) above as Hadamard’s approximation-theorem, and “I am
also in duty bound to recall the fact that the former theorem has a claim to bear
also Lord Kelvin’s name, he having been occupied with it eight years in advance of
Hadamard and in connection with the latter to draw attention to the earlier results of
Lévy (1881) and Desplanques (1886)”. For the results of Lévy and Desplanques, see
[45(d)] p. 457 and p. 37, respectively. Muir [40, p.323] wrote: “In 1885 I was led to
establish the theorem,
If s2r be the sum of the squares of the elements of the rth row of a determinant δ,
and S2r be the sum of the squares of the elements of the corresponding row of the
adjugate determinant , then δ  srSr
and by means of it succeeded in proving for Sir William Thomson (afterwards Lord
Kelvin) the further inequality
δ  s1s2s3 . . . ”
Muir [40] proceeded by saying that it had been agreed at the time that the above
theorem should be published in the Educational Times, but that it did not actually
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appear until 1901, and he then referred to [48] where the 1885-Thomson-question
was presented as Question 14792:
If in the case of each row of a determinant the square root of the sum of the
squares of the elements be taken, the product of the said square roots is greater
than the determinant. [Proposed to me, in 1886, by Sir William Thomson (now
Lord Kelvin).]
Part of a footnote on page 323 in [40] (referring to Question 14792 above) reads: The
date of the theorem was there given from memory as being 1886. It should have been
1885. Lord Kelvin’s letter approving of publication and remarking on the proof has
since been recovered, and is dated “Nov. 12/85”. [“This letter has been duly shown
to me as President of the Society. – S.S. Hough.”] Hough was the President of the
Royal Society of South Africa during the year 1910. As was mentioned earlier, all
Muir’s letters received from mathematicians were burnt on July 17, 1932; among
them were 4 letters from Lord Kelvin [42(f)(viii)].
In [50], see also [45(d), p.32], as a solution to Question 14792, Muir considered
the case of the determinant |a1b2c3d4|, “the fourth order begin taken merely for
shortness’ sake in writing”, where
|a1b2c3d4| =
∣∣∣∣∣∣∣∣
a1 a2 a3 a4
b1 b2 b3 b4
c1 c2 c3 c4
d1 d2 d3 d4
∣∣∣∣∣∣∣∣
.
Denoting the cofactor of any element by the corresponding capital letter with the
same suffix, and put
a2r + b2r + c2r + d2r ≡ s2r , A2r + B2r + C2r +D2r ≡ S2r .
Then (
ar
sr
− Ar
Sr
)2
+
(
br
sr
− Br
Sr
)2
+
(
cr
sr
− Cr
Sr
)2
+
(
dr
sr
− Dr
Sr
)2
= a
2
r + b2r + c2r + d2r
s2r
− 2arAr + brBr + crCr + drDr
srSr
+A
2
r + B2r + C2r +D2r
S2r
= 2 − 2 |a1b2c3d4|
srSr
from which it follows that
srSr > |a1b2c3d4|.
This being used four times, it follows that
s1s2s3s4 · S1S2S3S4 > |a1b2c3d4|4
> |a1b2c3d4| · |A1B2C3D4|
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by Cauchy’s theorem, whence the deduction
s1s2s3s4 > |a1b2c3d4|
since to suppose otherwise would lead to a contradiction.
For another proof of this inequality, see Nanson’s proof [50] or [45(e), p.19].
Muir [40, p.323] mentioned that this subject first assumed importance when Hada-
mard’s two 1893-papers [24,25] had appeared. Hadamard’s fundamental result was
an extension of the above theorem to the case of determinants with complex ele-
ments. Muir remarked that important conclusions could be drawn from Hadamard’s
result, and that some of these conclusions linked themselves to a special class of
determinants studied by Sylvester [51], as “inversely orthogonal determinants”.
7. Determinantal identities
Muir’s Law of Extensible Minors [41] (see also [45(d), p.7], or the List, item 34)
is regarded by some as perhaps his “best” discovery. Muir [41, p.1] first stated the
Law of Complementaries, a law which had been known to Cayley in 1878 already.
The wording is:
To every general theorem which takes the form of an identical relation between
a number of the minors of a determinant or between the determinant itself and
a number of its minors, there corresponds another theorem derivable from the
former by merely substituting for every minor its cofactor in the determinant,
and then multiplying any term by such a power of the determinant is will make
the terms of the same degree.
As an example of its application, Muir considered the well-known identity by
Hermite:∣∣∣∣∣∣
|a1b2| |a2b3| |a3b4|
|a1c2| |a2c3| |a3c4|
|a1d2| |a2d3| |a3d4|
∣∣∣∣∣∣ =
∣∣∣∣∣∣∣∣
a1 a2 a3 a4
b1 b2 b3 b4
c1 c2 c3 c4
d1 d2 d3 d4
∣∣∣∣∣∣∣∣
a2a3
and substituting for each determinant its complementary minor in the determinant
|a1b2c3d4| =
∣∣∣∣∣∣∣∣
a1 a2 a3 a4
b1 b2 b3 b4
c1 c2 c3 c4
d1 d2 d3 d4
∣∣∣∣∣∣∣∣
gives the identity∣∣∣∣∣∣
|c3d4| |c1d4| |c1d2|
|b3d4| |b1d4| |b1d2|
|b3c4| |b1c4| |b1c2|
∣∣∣∣∣∣ =
∣∣∣∣∣∣
b1 b3 b4
c1 c3 c4
d1 d3 d4
∣∣∣∣∣∣ ·
∣∣∣∣∣∣
b1 b2 b4
c1 c2 c4
d1 d2 d4
∣∣∣∣∣∣
= |b1c3d4| · |b1c2d4|,
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a special case of a theorem of Sylvester’s in regard to compound determinants [41,
p.2]. Muir then stated that in virtue of the Law of Complementaries the theorems of
determinants range themselves in pairs.
The Law of Extensible Minors [41, p.2]:
If any identical relation be established between a number of the minors of a determ-
inant or between the determinant itself and a number of its minors, the determinants
being denoted by means of their principal diagonals, then a new theorem is always
obtainable by merely choosing a line of new letters with new suffixes and annexing it
to the end of the diagonal of every determinant, including those of order 0, occurring
in the identity.
Muir explained that the proof of this law is dependent upon the Law of Comple-
mentaries, and also upon the simple fact that every minor of a given determinant is
also a minor of any determinant of which the given determinant itself is a minor. Let
(A) be the established identity, and |a1b2c3 . . . n| the determinant whose minors are
involved in it. Then taking the complementary of (A) with respect to |a1b2c3 . . . n|
we have an identity, (B) say, likewise involving minors of |a1b2c3 . . . n|. But these
minors are also minors of |a1b2c3 . . . nrαsβ . . . zw|, and therefore it is allowable to
take the complementary of (B) with respect to this extended determinant. Doing this
we pass, not back to (A), but to a new theorem (A′) which is seen to be derivable
from (A) by annexing to the end of the diagonal of every determinant in it the line
of letters rαsβ . . . zw. The law is thus established.
Muir [41, p.4] concluded by saying that in the theory of determinants every gen-
eral theorem in the form of an identity has its complementary and its extensional.
The exact relation between the two latter may be formulated as follows:
If the Complementary of (A) with respect to a certain determinant be (B), its Com-
plementary with respect to a determinant of higher order is the Extensional of (B)
[41, p.4].
Brualdi and Schneider [6] gave a common, concise derivation of some important
determinantal identities attributed to Gauss, Schur, Cauchy, Sylvester, Kronecker,
Jacobi, Binet, Laplace, Muir and Cayley—they show how some important determ-
inantal identities associated with these mathematicians admit a common derivation.
Brualdi and Schneider [6] gave a formal treatment of determinantal identities of the
minors of a matrix and then provided a careful exposition of the Law of Extensible
Minors and of the Law of Complementaries—two methods for obtaining from a
given determinantal identity another determinantal identity, as was mentioned earlier
in this paper. The notation of [6] is used in the exposition below, extracted from [6,
pp.770–778].
Let A = [aij ] be an n× n matrix over a field F which is[
E F
G H
]
,
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where E = A[1, . . . , k|1, . . . , k] is the leading principal k × k submatrix of A and
1  k  n. Assume that E is invertible, and apply Gaussian elimination of the fol-
lowing type to reduce G to a zero matrix:[
Ik 0
−GE−1 In−k
] [
E F
G H
]
=
[
E F
0 H ′
]
. (3)
In this elimination, linear combinations of the first k rows of A are added to the
last n− k rows. From (3) we obtain that H ′ = H −GE−1F , the Schur complement
A/E of E in A:
H ′ = A/E = H −GE−1F. (4)
It follows from (3) that the Schur complement A/E is invertible when A is, and that
Schur’s identity
detA = (detE)(detA/E) (5)
holds. Note that the Schur complement always results in the lower right corner
whenever G is reduced to a zero matrix by Gaussian elimination on A which does
not add linear combinations of the last n− k rows to any of rows 1, . . . , n. That is,
if [
X 0
Y In−k
] [
E F
G H
]
=
[
E′ F ′
0 H ′
]
,
then Y = GE−1 and H ′ = A/E. Returning to (3) and the Schur complement, we
index the entries of H ′ = A/E using k + 1, . . . , n:
H ′ = A/E =


h′k+1,k+1 · · · h′k+1,n
...
...
h′n,k+1 · · · h′n,n

 .
Let k + 1  i, j  n. Since the Gaussian elimination in (3) has only added linear
combinations of the first k rows of A to the other rows, it follows that the determinant
of a (k + s)× (k + s) submatrix of A which contains E as a (principal) k × k sub-
matrix does not change. So, if k + 1  i1 < · · · < is  n and k + 1  j1 < · · · <
js  n, and we consider the s × s submatrix B of the Schur complement whose rows
are indexed by i1, . . . , is and whose columns are indexed by j1, . . . , js :
B = H ′[i1, . . . , is |j1, . . . , js],
we obtain
detA[1, . . . , k, i1, . . . , is |1, . . . , k, j1, . . . , js] = det
[
E ∗
0 B
]
= (detE)(detB).
42 P. Maritz / Linear Algebra and its Applications 411 (2005) 3–67
From this is obtained:
detH ′[i1, . . . , is |j1, . . . , js]
= detA[1, . . . , k, i1, . . . , is |1, . . . , k, j1, . . . , js]
detA[1, . . . , k|1, . . . , k] . (6)
In particular, the entries of the Schur complement A/E satisfy
h′ij =
detA[1, . . . , k, i|1, . . . , k, j ]
detE
(k + 1  i, j  n). (7)
Another form of (6) is the identity of Sylvester on bordered determinants: Let C =
[cij ] be the (n− k)× (n− k) matrix where
cij = detA[1, . . . , k, i|1, . . . , k, j ] (k + 1  i, j  n). (8)
Then, by (7),
C = (detE)(A/E)
and hence, the use of (5) gives
detC = (detE)n−k detA/E = (detE)n−k−1 detA. (9)
In Sylvester’s identity (9) replace detC by its defining expansion in terms of its
entries as given in (8) and obtain
detA[1, . . . , k|1, . . . k]n−k−1 detA[1, . . . , n|1, . . . , n]
=
∑
σ
(sign σ)
n∏
i=k+1
detA[1, . . . , k, i|1, . . . , k, σ (i)], (10)
where the summation is over all permutations σ of k + 1, . . . , n. Note that (10) may
be obtained formally by adjoining the sequence 1, . . . , k to each sequence in
detA[∅|∅]n−k−1 detA[k + 1, . . . , n|k + 1, . . . , n]
=
∑
σ
(sign σ)
n∏
i=k+1
detA[i|σ(i)]. (11)
Equality (11) is the usual expansion of detA[k + 1, . . . , n|k + 1, . . . , n] made ho-
mogeneous by inserting a factor of detA[∅|∅]n−k−1. Here ∅ is the empty set and
detA[∅|∅] is defined to be 1. This method of obtaining an n× n determinantal iden-
tity from an l × l determinantal identity (l = n− k) is called extension and works in
a general setting. That is what Muir [41] had called the Law of Extensible Minors.
Now, Brualdi and Schneider [6] formalized Muir’s law and gave a proof. They
began by attempting a definition of a determinantal identity for the minors of a mat-
rix. Suppose that X = [xij ] is an l × l matrix whose entries are pairwise commuting
indeterminates over the field F. For the sake of future convenience, assume that the
rows and columns of X are indexed by k + 1, . . . , n = k + l for some integer k  0.
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By a term of an l × l determinantal identity is meant a (possibly empty) product
T (X) of the form
detA[α(1)|β(1)] · · · detX[α(p)|β(p)], (12)
where α(i) and β(i) are naturally ordered subsequences of the same length of the
sequence k + 1, . . . , n for each i = 1, . . . , p. Thus a term is a product of minors of
X, possibly of different orders. A formula of the form
t∑
q=1
cqTq(X) = 0, (13)
where Tq(X) is a term and cq ∈ F for q = 1, . . . , t is an l × l determinantal iden-
tity provided (13) becomes an identity in xij (k + 1  i, j  n) when each factor
detX[α(i)|β(i)] of each term Tq(X) is replaced by its expansion in terms of the
entries of X. Observe that if (13) is an l × l determinantal identity, then for any l × l
matrix B = [bij ] with entries from an extension field F′ of F (in particular with the
entries from F), it follows that
t∑
q=1
cqTq(B) = 0. (14)
This is so because the mapping xij → bij (k + 1  i, j  n) induces a homomorph-
ism of the ring F[xk+1,k+1, xk+1,k+2, . . . , xnn] into the field F′.
Now suppose that (13) is an l × l determinantal identity. By incorporating a suit-
able power of detX[∅|∅] in each term, it may be assumed that all terms have the
same number p of factors with at least one term having no factor detX[∅|∅]. Let
A = [aij ] be an n× n matrix whose entries are pairwise commuting indeterminates
over F. Applying the identity (13) to the matrix B = H ′, where H ′ = A/E is the
Schur complement of E = A[1, . . . , k|1, . . . , k] (evidently E is invertible), (14) is
obtained. Now replace each minor of H ′ by its value given by (6) and multiply by
(detA)p, we obtain from (14) an n× n determinantal identity
t∑
q=1
cq T˜q(A) = 0. (15)
In (15) each minor in T˜q(A) is the extension of the corresponding minor in Tq(X) by
γ = (1, . . . , k). Thus (15) is the extension of (13) obtained by replacing each term
Tq(X) of the form (11) by
T˜q(A) = detA[γ ∪ α(1)|γ ∪ β(1)] · · · detA[γ ∪ α(p)|γ ∪ β(p)].
Suppose (13) is an n× n determinantal identity. Apply (13) to the matrix B = adjX
to obtain (14). Let detX[α′|β ′] be a minor in a term Tq(X) given by (11) where
α′ = (j ′k+1, . . . , j ′n) and β ′ = (i′k+1, . . . , i′n). By a result of Jacobi (see [6, p. 774]),
one may replace the minor detB[α′|β ′] in Tq(B) by
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(−1)i1+···+ik+j1+···+jk (detX)n−k−1 detX[β|α],
where X[β|α] is the k × k submatrix of X which is ‘complementary to X[α′|β ′] in
Xt ’. Do this for each minor in every term (12), one obtains another n× n determin-
antal identity
t∑
q=1
c′qT ′q(X) = 0. (16)
The identity (16) is called the complementary identity of (13). The fact that (16) is a
determinantal identity when (13) is, is called by Muir [41] the Law of Complement-
aries, attributed by him to Cayley. For example, the complementary identity of the
defining expansion
detX[1, . . . , n|1, . . . , n] =
∑
σ
(sign σ)
n∏
i=1
detX[i|σ(i)]
is
(detX)n−1 detX[∅|∅] =
∑
σ
(sign σ)
n∏
i=1
(−1)i+σ(i) detX(σ(i)|i),
where X(σ(i)|i) is the matrix obtained from X by eliminating row σ(i) and column
i. Since detX[∅|∅] = 1, this is equivalent to
(detX)n−1 = det(adj X), (17)
a theorem of Cauchy. It is a consequence of the development above that Cayley’s
Law of Complementaries has a relation to a theorem of Jacobi, and the adjoint which
is similar to the relation of Muir’s Law of Extensible Minors to Sylvester’s identity
and the Schur complement.
Mühlbach [35] presented a new principle for extending determinantal identities
which generalises Muir’s Law of Extensible Minors. Mühlbach’s proof makes use of
general elimination strategies and of generalised Schur complements. The principle
allows either the list of columns or the list of rows extending the corresponding list in
the given identity to depend on the latter. As applications of this technique, Mühlbach
derivated generalisations of Karlin’s and Sylvester’s identities.
8. Magnum Opus
Thomas Muir’s magnum opus was a five-volume work The Theory of Determ-
inants in the Historical Order of Development (sometimes referred to as just the
History), which appeared at long intervals after 1890, see the List, items 84, 167,
211, 265, 275 and 308, and also [45(a)–(e)]. In this work he made readily available
the pioneering labours of many mathematicians. His history had been regarded as
a standard work of reference. Muir’s aim at the outset was to give an account of
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every writing on determinants that had appeared, and to allocate to every writing its
proper place in the history of the subject. His writings on this subject started with a
list of all papers on the subject up to 1881, and it appeared in the Quarterly Journal
of Mathematics XVIII (70), 1881, see the List, item 36. His own contribution to the
subject of determinants consisted of 256 research papers. He succeeded in moulding
isolated and overlapping propositions into a convincing whole. Part I of Volume I
appeared in 1890, the complete Volume I in 1906, carrying the development from
its origins with Leibniz in 1693 until 1841. Volume II appeared in 1911, dealing
with the years 1840–1860. Volume III in 1920 dealt with the period 1860–1880,
and Volume IV in 1923 with the period 1880–1900. The fourth volume involved
the examination of over 800 published papers alone. In 1930 a supplementary fifth
volume appeared, bringing the account up to the year 1920, and within a few days
of the end of his life a sixth volume was in preparation, but the author did not expect
to live to see the completion of that volume: “for that,” he said, “ would take me
up to 1940 and I cannot reasonably hope to live as long as that” [42(g)(v)]. The
research and labour embodied in the five completed volumes had been prodigious.
Every word and symbol have been written by hand. As interest in the History grew,
one or other of his correspondents would willingly send a relevant particular from an
out of the way source. Writing in 1931 to a friend in Scotland who had brought to
his notice certain results in the theory of matrices, Muir “welcomed the light matrix
proofs in contrast to the heavy-footed method of 35 years ago” [55, p.183]. The
History recorded with almost complete success the name, place, and contents of
every published book, thesis, or note upon determinants from the earliest records up
to date.
Apart from using the present Mathematical Reviews abbreviation of journals, the
list of writings below is given as it was written up by Muir [42(e)]. It is not in an
absolutely chronological order of publication dates. Furthermore, the dates given by
Muir were in many cases the dates that the papers were read by the particular Society;
for example, the paper in number 98 was read on December 7, 1896, whence the date
1896 for that paper. In several cases, see for example numbers 34 and 285, there are
two dates allocated to a paper: the first being the one given by Muir, while the second
date is the actual date of publication, added by the author of this paper. The reference
(Hist. III, 411–413) in number 8 on the list below means that the relevant article is
cited in volume III, pages 411–413, of Muir’s magnum opus.
9. Revised list of mathematical writings of Thomas Muir
0. Heat Units. Nature I (1870) 606.
01. Measurement of Mass and Force. Nature III (1871) 426.
02. Symbols of Acceleration. Nature V (1871) 102.
1. An equation in the geometry of straight lines. Messenger of Math. I (1872)
(New Series, No. 10) 150–151.
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2. Homologous triangles. A contribution to the geometry of position. Messenger
of Math. II (1872) (New Series, No. 16) 55–59.
3. Extension of a law of determinants. Messenger of Math. II (1872) (New Series,
No. 16) 60–61 (Hist. III, 43).
4. Homologous triangles. A contribution to the geometry of position. Messenger
of Math. II (1872) (New Series, No. 19) 99–102 (Continued from p. 59 in
number 2 above).
5. A property of convex and stellate regular polygons, of the same number of
sides, inscribed in a circle. Messenger of Math. III (1873) (New Series, No.
27) 47–50.
6. The first extension of the term ‘area’ to the case of an autotomic plane circuit.
Philos. Magazine XLV (1873) 450–454.
7. Theorems on congruences bearing on the question of the number of figures in
the periods of the reciprocals of integers. Messenger of Math. IV (1873) (New
Series, No. 37) 1–5.
8. Continuants, a new special class of determinants. Proc. Roy. Soc. Edinburgh
VIII (1873) 229–236 (Hist. III, 411–413).
9. The Expression of a Quadratic Surd as a Continued Fraction. James Macle-
hose, Glasgow, 1874, 32 pp. (Hist. III, 413).
10. Further note on continuants. Proc. Roy. Soc. Edinburgh VIII (1874) 380–382
(Hist. III, 413).
11. On Sylvester’s and other forms of continued fraction for circle-quadrature.
Philos. Magazine XLVII (1874), 331–334.
12. New general formulae for the transformation of infinite series into continued
fractions. Trans. Royal Soc. Edinburgh XXVII (1876) 467–471 (Hist. III, 320,
355).
13. On the transformation of Gauss’ hypergeometric series into a continued frac-
tion. Proc. London Math. Soc. VII (1876) 112–118 (Hist. III, 355).
14. The early history of continued fractions. Nature XIII (1876) 448.
15. On convergents. Brit. Assoc. Adv. Sci. Report 1876, 27–28.
16. Mathematical notes. I. On integration by parts. J. of Educ. (2) I (1876) 566–
569.
17. A theorem in continuants. Philos. Magazine III (1877) 137–138 (Hist. III,
416).
18. Extension of a theorem in continuants, with an important application. Philos.
Magazine III (1877) 360–366 (Hist. III, 416–418).
19. Note on an infinitude of operations. Proc. Roy. Soc. Edinburgh IX (1877) 359–
361.
20. Note on determinant expressions for the sum of a harmonical progression.
Proc. Roy. Soc. Edinburgh IX (1877) 361–363 (Hist. III, 419, 490).
21. On Eisenstein’s continued fractions. Trans. Royal Soc. Edinburgh XXVIII
(1877) 135–143.
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22. On Professor Tait’s problem of arrangement. Proc. Roy. Soc. Edinburgh IX
(1877) 382–391 (Hist. III, 491).
23. On a class of integers expressible as the sum of two integral squares. Proc.
London Math. Soc. VIII (1877) 215–219.
24. A Text-book of Arithmetic, for use in Higher-Class Schools. Isbister and Com-
pany Ltd., London, 1878, viii + 357 pp.
25. On an expansion of (x + y)n + (−x)n + (−y)n. Quart. J. of Math. XVI (1878)
9–14.
26. Letter to Professor Sylvester on the word ‘continuant’. Amer. J. of Math. I
(1878) 344 (Hist. III, 420).
27. Circulating decimal fractions. Nature XVIII (1878) 617.
28. Verification that 2212 + 1 is divisible by 7.214 + 1. Nature XVIII (1878) 652.
29. Cauchy’s theorem regarding the divisibility of (x + y)n + (−x)n + (−y)n.
Messenger of Math. VIII (1878) (New Series, No. 92) 119–120.
30. General theorems on determinants. Trans. Royal Soc. Edinburgh XXIX (1879)
47–54 (Hist. III, 79–81, 169, 202).
31. Preliminary note on alternants. Proc. Roy. Soc. Edinburgh X (1879) 102–103
(Hist. III, 169–170).
32. On Professor Cayley’s theorem regarding a bordered skew-symmetric determ-
inant. Quart. J. of Math. XVIII (1881) 46–49 (Hist. IV, 260–261).
33. On some transformations connecting general determinants with continuants.
Trans. Royal Soc. Edinburgh XXX (1881) 5–14 (Hist. IV, 396–399).
34. The law of extensible minors in determinants. Trans. Roy. Soc. Edinburgh
XXX (1881,1883) 1–4 (Hist. IV, 7–8).
35. Additional note on a problem of arrangement. Proc. Roy. Soc. Edinburgh XI
(1881) 187–190 (Hist. III, 491).
36. A list of writings on determinants. Quart. J. of Math. XVIII (1881) 110–149
(Hist IV, 12).
37. Note on a special symmetric determinant. Analyst VIII (1881) 169–171 (Hist.
IV, 110).
38. On the multiplication of the (n− 1)th power of a symmetric determinant of
the nth order by the second power of any determinant of the same order. Amer.
J. of Math. IV (1881) 273–275 (Hist. III, 206–207; IV, 111, 206–207).
39. On a property of persymmetric determinants. Messenger of Math. XI (1881)
65–67 (Hist. IV, 319–320).
40. On new and recently discovered properties of certain symmetric determinants.
Quart. J. of Math. XVIII (1881) 166–177 (Hist. IV, 12, 111, 262–263, 361–
363, 385).
41. On the resolution of a certain determinant into quadratic factors. Messenger of
Math. XI (1881) (New Series, No. 127) 105–108 (Hist. IV, 363–364).
42. On skew determinants. Philos. Magazine XII (1881) 391–394 (Hist. IV, 263–
264).
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43. A Treatise on the Theory of Determinants with graduated sets of exercises
for use in colleges and schools. Macmillan & Co., London, 1881–1882, vi +
240 pp. (Hist. IV, 80, 81, 150, 264–267). Revised and enlarged by William
H. Metzler, under the title: A Treatise on the Theory of Determinants. (a)
Privately published, Albany, New York, 1930, 766 pp.; (b) Longmans, Green
and Company, New York, 1933, 766 pp.; (c) An unabridged and corrected
republication of the 1933-edition was published by Dover, New York in 1960,
766 pp.
44. On circulants of odd order. Quart. J. of Math. XVIII (1881) 261–265 (Hist. IV,
365–366).
45. On a class of permanent symmetric functions. Proc. Roy. Soc. Edinburgh XI
(1882) 409–418 (Hist. IV, 150–151, 457–459).
46. On a determinant formed by bordering the product of two determinants. Mes-
senger of Math. XI (1882) (New Series, No. 131) 161–165 (Hist. IV, 267–268,
430).
47. On a symmetric determinant connected with Lagrange’s interpolation-problem.
Proc. London Math. Soc. XIII (1882) 156–161 (Hist. IV, 111–112).
48. Note on the condensation of skew determinants which are partially zero-anial.
Proc. London Math. Soc. XIII (1882), 161–164 (Hist. IV, 268–270).
49. Note on the transformation of a determinant into any other equivalent determ-
inant. Analyst X (1882) 8–9 (Hist. IV, 14–15).
50. On the perimeter of an ellipse. Messenger of Math. XII (1883) (New Series,
No. 142) 149–151.
51. On a peculiar development of a special determinant of the sixth order. Messen-
ger of Math. XIII (1883) (New Series, No. 151) 95–103 (Hist. IV, 463–464).
52. On the development of determinants which have polynomial elements. Mes-
senger of Math. XIII (1883) 135–138 (Hist. IV, 22–23).
53. On the general equation of differences of the second order. Philos. Mag. XVII
(1883) 115–118 (Hist. IV, 400–401).
54. The researches of M.E. de Jonguières on periodic continued fractions. Proc.
Roy. Soc. Edinburgh XII (1884) 389–400.
55. Note on a theorem connected with the area of a 2n-sided polygon. Proc. Edin-
burgh Math. Soc. II (1884) 8.
56. Note on the condensation of a special continuant. Proc. Edinburgh Math. Soc.
II (1884) 16–18 (Hist. IV, 402–403).
561. The Promotion of Research; with special reference to the present state of the
Scottish Universities and Secondary Schools. An Address delivered before the
Mathematical Society of Edinburgh, 8th February, 1884. Alexander Gardner,
Paissley, London, 1884, 32 pp.
57. On the phenomenon of ‘greatest middle’ in the cycle of a class of periodic
continued fractions. Proc. Roy. Soc. Edinburgh XII (1884) 578–592.
58. Note on a unique property of an axisymmetric determinant of the fourth order.
Annals of Math I (1884) 31–33 (Hist. IV, 115).
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59. Note on the final expansion of circulants. Messenger of Math. XIV (1884)
169–175 (Hist. IV, 372–374).
60. On continued fractions which represent the square roots of integers and have
an even number of elements in the cycle of partial denominators. Messenger
of Math. XIV (1884) (New Series, No. 164) 115–122.
61. Note on the determinantal equation connected with the investigation of the
small oscillations of a system about a position of equilibrium. Messenger of
Math. XIV (1885) (New Series, No. 165) 141–143 (Hist. IV, 287–288).
62. An overlooked discoverer in the theory of determinants. Philos. Magazine
XVIII (1884) 416–427 (Hist. IV, 24).
63. Note on a function of two integral arguments. Proc. Edinburgh Math. Soc. III
(1884) 19–22.
64. Theorems connected with three mutually tangent circles. Proc. Edinburgh
Math. Soc. III (1884) 119–122.
65. Note on the equation connecting the mutual distances of four points in a plane.
Proc. Edinburgh Math. Soc. III (1884) 34–38. (Hist. IV, 116–117).
66. On bipartite functions. Trans. Roy. Soc. Edinburgh XXXII (1885) 461–482
(Hist. IV, 27–28, 404, 431).
67. New relations between bipartite functions and determinants, with a proof of
Cayley’s theorem in matrices. Proc. London Math. Soc. XVI (1885) 276–285
(Hist. IV, 29–31).
68. Detached theorems on circulants. Trans. Roy. Soc. Edinburgh XXXII (1885)
639–643 (Hist. IV, 375–376).
69. Note on the integration of xm(a + bxn)pdx. Proc. Edinburgh Math. Soc. III
(1885) 100–104.
70. Historical note on the so-called Simson line. Proc. Edinburgh Math. Soc. III
(1885) 104.
71. A supplementary list of writings on determinants. Quart. J. of Math. XXI
(1886) 299–320 (Hist. IV, 35).
72. The differential equation of a conic. Philos. Magazine XXI (1886) 143–145.
73. Squaring (or quadrature) of the circle. Encycl. Brit. XXII (1886) 433–437.
74. On a class of alternating functions. Trans. Roy. Soc. Edinburgh XXXIII (1887)
309–312 (Hist. IV, 167–168).
75. On the quotient of a simple alternant by the difference-product of the variables.
Proc. Roy. Soc. Edinburgh XIV (1887) 433–445 (Hist. IV, 168–169).
76. An incorrect footnote and its consequences. Nature XXXVII (1887, 1888)
246–247, 438–439 (Hist. IV, 37).
77. On vanishing aggregates of determinants. Proc. Roy. Soc. Edinburgh XV (1888)
96–105 (Hist. IV, 37–40, 121–123, 140).
78. On a class of alternants expressible in terms of simple alternants. Proc. Roy.
Soc. Edinburgh XV (1888) 298–308 (Hist. IV, 172–173).
79. Nomenclature of determinants. Nature XXXVIII (1888) 589 (Hist. IV,
41–42).
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80. Note on the relation between the mutual distances of five points in space. Proc.
Roy. Soc. Edinburgh XVI (1889) 86–88 (Hist. IV, 125–126).
81. Note on Cayley’s demonstration of Pascal’s theorem. Proc. Roy. Soc. Edin-
burgh XVII (1889) 18–22 (Hist. IV, 213).
82. On self-conjugate permutations. Proc. Roy. Soc. Edinburgh XVII (1889) 7–13
(Hist. IV, 43).
83. On a rapidly converging series for the extraction of the square root. Proc. Roy.
Soc. Edinburgh XVII (1889) 14–18 (Hist. IV, 405–406).
84. The Theory of Determinants in the Historical Order of Development. Part I.
Determinants in general. Leibnitz (1693) to Cayley (1841). Macmillan & Co.,
London, 1890, xii + 278 pp. (Hist. IV, 45).
85. On some hitherto unproved theorems in determinants. Proc. Roy. Soc. Edin-
burgh XVIII (1891) 73–82 (Hist. IV, 47–48).
86. Note on a peculiar determinant of the sixth order. Philos. Magazine XXXI
(1891) 429–430 (Hist. IV, 130).
87. Note on a problem of elimination connected with glissettes of an ellipse or
hyperbola. Proc. Roy. Soc. Edinburgh XIX (1892) 25–31.
88. Note on a theorem regarding a series of convergents to the roots of a number.
Proc. Roy. Soc. Edinburgh XIX (1892) 15–19 (Hist. IV, 409).
89. Note on Professor Cayley’s proof that a triangle and its reciprocal are in per-
spective. Proc. Roy. Soc. Edinburgh XX (1892) 298–299.
90. A problem of Sylvester’s in elimination. Proc. Roy. Soc. Edinburgh XX (1892)
300–305 (Hist. IV, 51–52, 131).
91. On the expressibility of a determinant in terms of its coaxial minors. Philos.
Magazine XXXVIII (1894) 537–541 (Hist. IV, 58–59).
92. On a theorem regarding the difference between any two terms of the adjug-
ate determinant. Proc. Roy. Soc. Edinburgh XX (1894) 323–327 (Hist. IV,
59–60).
93. Further note on a problem of Sylvester’s in elimination. Proc. Roy. Soc. Edin-
burgh XX (1895) 371–382 (Hist. IV, 61–62).
94. On the eliminant of a set of ternary quadrics. Proc. Roy. Soc. Edinburgh XXI
(1896) 220–234 (Hist. V, Ch. 14).
95. The eliminant of a set of quaternary quadrics. Proc. Roy. Soc. Edinburgh XXI
(1896) 328–341 (Hist. V, Ch. 14).
96. On the expression of any bordered skew determinant as a sum of products of
Pfaffians. Proc. Roy. Soc. Edinburgh XXI (1896) 342–359 (Hist. IV, 64–65,
275–276).
97. On the eliminant of f (x) = 0, f ( 1
x
) = 0. Proc. Roy. Soc. Edinburgh XXI
(1896) 360–368 (Hist. IV, 343–345).
98. On the resolution of circulants into rational factors. Proc. Roy. Soc. Edinburgh
XXI (1896) (paper was read on December 7, 1896) 369–382 (Hist. IV, 378–
382).
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99. On Lagrange’s determinantal equation. Philos. Magazine XLIII (1896), 220–
226 (Hist. IV, 304–305).
100. On Sylvester’s proof of the reality of the roots of Lagrange’s determinantal
equation. Amer. J. Math. XIX (1897), 312–318 (Hist. IV, 304–305).
101. The automorphic linear transformation of a quadric. Trans. Roy. Soc. Edin-
burgh XXXIX (1897) 209–230 (Hist. IV, 137, 492–493; V, Ch. 12).
102. A reinvestigation of the problem of the automorphic linear transformation of a
bipartite quadric. Amer. J. Math. XX (1897) 215–228 (Hist. V, Ch. 12).
103. A relation between permanents and determinants. Proc. Roy. Soc. Edinburgh.
XXII (1897) (paper was read on December 20, 1897) 134–136 (Hist. IV, 459).
104. The relations between the coaxial minors of a determinant of the fourth order.
Trans. Roy. Soc. Edinburgh. XXXIX (1898) 323–339 (Hist. IV, 67–68, 394–
395, 494–495).
105. Determination of the sign of a single term of a determinant. Proc. Roy. Soc.
Edinburgh. XXII (1899) 441–477 (Hist. IV, 72–73).
106. The multiplication of an alternant by a symmetric function of the variables.
Proc. Roy. Soc. Edinburgh. XXII (1899) 539–542 (Hist. IV, 198).
107. On a development of a determinant of the (mn)th order. Trans. Roy. Soc. Edin-
burgh. XXXIX (1899) 623–628 (Hist. IV, 74–75, 199).
108. Note on a persymmetric eliminant. Proc. Roy. Soc. Edinburgh. XXII (1899)
543–546 (Hist. IV, 331).
109. On the eliminant of a set of general ternary quadrics. Trans. Roy. Soc. Edin-
burgh XXXIX (1899) 667–684 (Hist. V, Ch. 10).
110. On the eliminant of a set of general ternary quadrics. Part II. Trans. Roy. Soc.
Edinburgh XL (1899) 23–38 (Hist. IV, 223).
111. On certain aggregates of determinant minors. Proc. Roy. Soc. Edinburgh XXIII
(1900) 142–154 (Hist. V, Ch. 1, 4, 5, 11).
112. A development of a Pfaffian having a vacant minor. Trans. Roy. Soc. Edinburgh
XL (1900) 49–58 (Hist. V, Ch. 11).
113. On Jacobi’s expansion for the difference-product when the number of elements
is even. Proc. Roy. Soc. Edinburgh XXIII (1900) 133–141 (Hist. V, Ch. 6).
114. The theory of alternants in the historical order of its development up to 1841.
Proc. Roy. Soc. Edinburgh XXIII (1900) 93–132 (Hist. V, Ch. 6).
115. The theory of skew determinants and Pfaffians in the historical order of its
development up to 1857. Proc. Roy. Soc. Edinburgh XXIII (1900) 181–217
(Hist. V, Ch. 11).
116. Some identities connected with alternants and with elliptic functions. Trans.
Roy. Soc. Edinburgh XL (1900) 187–201 (Hist. V, Ch. 6).
117. A peculiar set of linear equations. Proc. Roy. Soc. Edinburgh XXIII (1900)
248–260 (Hist. V, Ch. 3, 5).
118. The Hessian of a general determinant. Trans. Roy. Soc. Edinburgh XL (1901)
203–207 (Hist. V, Ch. 15).
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119. The differentiation of a continuant. Trans. Roy. Soc. Edinburgh XL (1901)
209–220 (Hist. V, Ch. 11, 17).
120. Note on pairs of consecutive integers the sum of whose squares is an integral
square. Proc. Roy. Soc. Edinburgh XXIII (1901) 264–267 (Hist. V, Ch. 17).
121. Note on periodic continued fractions. Math. Gazette II (1901) 58–59 (Hist. V,
Ch. 17).
122. Note on a proposition given by Jacobi in his “De determinantibus function-
alibus”. Proc. Roy. Soc. Edinburgh XXIII (1901), 423–427 (Hist. V, Ch. 10).
123. A continuant resolvable into rational factors. Proc. Roy. Soc. Edinburgh XXIV
(1902), 105–112 (Hist. V, Ch. 17).
124. Note on selected combinations. Proc. Roy. Soc. Edinburgh XXIV (1902) 102–
104.
125. The theory of Jacobians in the historical order of its development up to 1841.
Proc. Roy. Soc. Edinburgh XXIV (1902) 151–195 (Hist. V, Ch. 10).
126. The applicability of the Law of Extensible Minors to determinants of special
form. Proc. Edinburgh Math. Soc. XX (1902) 44–49 (Hist. V, Ch. 4, 5).
127. Aggregates of minors of an axisymmetric determinant. Philos. Magazine (6)
III (1902) 411–416 (Hist. V, Ch. 4).
128. Vanishing aggregates of secondary minors of a persymmetric determinant.
Trans. Roy. Soc. Edinburgh XL (1902) 511–533. (Hist. V, Ch. 4, 13).
129. The theory of orthogonants in the historical order of its development up to
1832. Proc. Roy. Soc. Edinburgh XXIV (1902) 244–288 (Hist. V, Ch. 12).
130. Note on Kronecker’s linear relation in determinants. Messenger of Math. XXXII
(1902) (New Series, No. 373) 4–6 (Hist. V, Ch. 4).
131. Formula for the perimeter of an ellipse. Nature LXVI (1902) 174.
132. Symbol for partial differentiation. Nature LXVI (1902) 271–272.
133. The Jacobian of the primary minors of an axisymmetric determinant with ref-
erence to the corresponding elements of the latter. Philos. Magazine (6) IV
(1902) 507–512 (Hist. V, Ch. 4, 10).
134. Symbol for partial differentiation. Nature LXVI (1902) 520.
135. The generating functions of certain special determinants. Proc. Roy. Soc. Ed-
inburgh XXIV (1902) 387–392 (Hist. V, Ch. 1, 17, 20).
136. The generating function of the reciprocal of a determinant. Trans. Roy. Soc.
Edinburgh XL (1902) 615–629 (Hist. V, Ch. 1, 22).
137. Note on pure periodic continued fractions. Proc. Roy. Soc. Edinburgh XXIV
(1902) 380–386.
138. Historical note in regard to determinants. Nature LXVII (1903) 512 (Hist. V,
Ch. 1, 6).
139. A third list of writings on determinants. Report South African Assoc. Adv. Sci.
I (1903) 154–228 (Hist. V, Ch. 1).
140. Theorems regarding aggregates of determinants and Pfaffians. Report South
African Assoc. Adv. Sci. I (1903) 233–239 (Hist. V, Ch. 11).
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141. A general theorem giving expressions for certain powers of a determinant.
Report South African Assoc. Adv. Sci. I (1903) 229–232 (Hist. V, Ch. 1).
142. A special circulant considered by Catalan. Proc. Roy. Soc. Edinburgh XXIV
(1903) 547–554 (Hist. V, Ch. 16).
143. The theory of axisymmetric determinants in the historical order of develop-
ment up to 1841. Proc. Roy. Soc. Edinburgh XXIV (1903) 555–571 (Hist. V,
Ch. 4).
144. Theorem regarding the orthogonal transformation of a quadric. Proc. Roy. Soc.
Edinburgh XXV (1903) 168–172 (Hist. V, Ch. 12).
145. The theory of general determinants in the historical order of development up
to 1846. Proc. Roy. Soc. Edinburgh XXV (1903) 61–91 (Hist. V, Ch. 1).
146. The theory of continuants in the historical order of its development up to 1870.
Proc. Roy. Soc. Edinburgh XXV (1903) 129–159 (Hist. V, Ch. 17).
147. Factorizable continuants. Trans. South African Philos. Soc. XV (1903) 29–33
(Hist. V, Ch. 17) (Muir’s first paper to this journal).
148. Developments of a Pfaffian. Trans. South African Philos. Soc. XV (1903) 35–
41 (Hist. V, Ch. 11).
149. The three-line determinants of a six-by-three array. Proc. Roy. Soc. Edinburgh
XXV (1904) 364–371 (Hist. V, Ch. 1).
150. The sum of the signed primary minors of a determinant. Proc. Roy. Soc. Edin-
burgh XXV (1904) 372–382 (Hist. V, Ch. 1, 17).
151. Continuants resolvable into linear factors. Trans. Roy. Soc. Edinburgh XLI
(1904) 343–358 (Hist. V, Ch. 17).
152. Further note on factorizable continuants. Trans. South African Philos. Soc. XV
(1904) 183–194 (Hist. V, Ch. 17).
153. A special continuant evaluated by Cayley. Messenger of Math. XXXIV (1904)
(New Series, No. 404) 126–131 (Hist. V, Ch. 17).
154. The condensation of continuants. Proc. Edinburgh Math. Soc. XXIII (1904)
35–39 (Hist. V, Ch. 17).
155. Continuants whose main diagonal is univarial. Proc. Roy. Soc. Edinburgh XXV
(1904) 507–512 (Hist.V, Ch.17).
156. The theory of continuants in the historical order of development up to 1880.
Proc. Roy. Soc. Edinburgh XXV (1904) 648–679 (Hist. V, Ch. 17).
157. The eliminant of a set of general ternary quadrics. Trans. Roy. Soc. Edinburgh
XLI (1904) 387–397 (Hist. V, Ch. 14).
158. A third list of writings on determinants. Quart. J. of Math. XXXVI (1904)
171–267 (Hist. V, Ch. 1). (The title should have been: A fourth list of writings
on determinants. See this List, numbers 36, 71, 139, 175, 209, 239, 264, 279,
290, 309, 319.)
159. The theory of general determinants in the historical order of development up
to 1852. Proc. Roy. Soc. Edinburgh XXV (1905) 908–947 (Hist. V, Ch. 1).
160. Notes on semicirculants. Trans. South African Philos. Soc. XVI (1905) 153–
163 (Hist. V, Ch. 16).
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161. Elimination in the case of equality of fractions whose numerators and denom-
inators are linear functions of the variables. Trans. Roy. Soc. Edinburgh XLV
(1905) 1–7 (Hist. V, Ch. 7).
162. Equality of two compound determinants of orders n and n− 1. Messenger of
Math. XXXV (1905) (New Series, No. 416) 118–121 (Hist. V, Ch. 7).
163. Library aids to mathematical research. Proc. Roy. Soc. Edinburgh XXVI (1905)
51–64.
164. Note of Pfaffians with binomial elements. Math. From Educational Times (2)
IX, 45–47 (Hist. V, Ch. 11).
165. A Pfaffian identity and related vanishing aggregates of determinant minors.
Trans. Roy. Soc. Edinburgh XLV (1906) 311–321 (Hist. V, Ch. 4, 11).
166. A set of linear equations connected with homofocal surfaces. Trans. South
African Philos. Soc. XVI (1906) 263–265 (Hist. V, Ch. 3).
167. The Theory of Determinants in the Historical Order of Development. Volume
I. Part I: General determinants up to 1841 (second edition). Part II: Special de-
terminants up to 1841. Macmillan & Co., London; The Macmillan Company,
New York, 1906, xi + 491 pp. (Hist. V, Ch. 1).
168. The expression of certain symmetric functions as an aggregate of fractions.
Trans. South African Philos. Soc. XVI (1906) 313–315 (Hist. V, Ch. 6).
169. The persymmetric determinant whose elements are in harmonical progression.
Messenger of Math. XXXVI (1906) (New Series, No. 426) 85–93 (Hist. V, Ch.
13).
170. The theory of alternants in the historical order of developments up to 1860.
Proc. Roy. Soc. Edinburgh XXVI (1906) 357–389 (Hist. V, Ch. 6).
171. The theory of circulants in the historical order of development up to 1860.
Proc. Roy. Soc. Edinburgh XXVI (1906) 390–398 (Hist. V, Ch. 16).
172. The Jacobian of the primary minors of a circulant. Messenger of Math. XXXVI
(1906) (New Series, No. 426) 93–97 (Hist. V, Ch. 10).
173. The Hessians of certain invariants of binary quantics. Proc. Roy. Soc. Edin-
burgh XXVI (1906) 529–532 (Hist. V, Ch. 15).
174. The sum of the r-line minors of the square of a determinant. Proc. Roy. Soc.
Edinburgh XXVI (1906) 533–539 (Hist. V, Ch. 1, 5, 22).
175. A fourth list of writings on determinants. Quart. J. of Math. XXXVIII (1906)
237–264 (Hist. V, Ch. 1).
176. The minors of a product-determinant. Proc. Roy. Soc. Edinburgh XXVII (1906)
79–87 (Hist. V, Ch. 1).
177. The theory of axisymmetric determinants in the historical order of its develop-
ment up to 1860. Proc. Roy. Soc. Edinburgh XXVII (1906) 135–166 (Hist. V,
Ch. 4).
178. A property of axisymmetric determinants connected with the simultaneous
vanishing of the surface and volume of a tetrahedron. Trans. South African
Philos. Soc. XVI (1906) 445–457 (Hist. V, Ch. 4).
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179. The norm which is divisible by an axisymmetric determinant. Messenger of
Math. XXXVII (1907) 42–48 (Hist. V, Ch. 4).
180. The theory of compound determinant in the historical order of development up
to 1860. Proc. Roy. Soc. Edinburgh XXVIII (1907) 197–209 (Hist. V, Ch. 7).
181. A special determinant having (r, s) equal to zero when s > r + 1. Trans. South
African Philos. Soc. XVIII (1907) 369–377 (Hist. V, Ch. 8).
182. Brioschi’s 2m-line determinant with elements subject to m(2m− 1) condi-
tions. Messenger of Math XXXVII (1907) 107–111 (Hist. V, Ch. 22).
183. The product of the primary minors of an n-by-(n+ 1) array. Proc. Roy. Soc.
Edinburgh XXVIII (1907) 210–216 (Hist. V, Ch. 7, 22).
184. The theory of skew determinants in the historical order of development up to
1865. Proc. Roy. Soc. Edinburgh XXVIII (1907) 303–310 (Hist. V, Ch. 11).
185. The theory of Hessians in the historical order of development up to 1860. Proc.
Roy. Soc. Edinburgh XXVIII (1908) 413–432 (Hist. V, Ch. 15).
186. A theorem of Cayley’s regarding Sturm’s functions. Messenger of Math.
XXXVIII (1908) 105–111 (Hist. V, Ch. 14).
187. The theory of general determinants in the historical order of development up
to 1860. Proc. Roy. Soc. Edinburgh XXVIII (1908) 676–702 (Hist. V, Ch. 1).
188. Waring’s expression for a symmetric function in terms of sums of like powers.
Proc. Edinburgh Math. Soc. XXVII (1909) 5–9 (Hist. V, Ch. 5).
189. An upper limit for the value of a determinant. Trans. Roy. Soc. South Africa I
(1908–1910) 323–334 (Hist. V, Ch. 1).
190. Note on a theorem regarding a sum of differential-coefficients of principal
minors of a Jacobian. Trans. Roy. Soc. South Africa I (1908–1910) 317–319
(Hist. V, Ch. 10).
191. Theorems connected with the differentiation of a circulant. Messenger of Math.
XXXIX (1909) 64–68 (Hist. V, Ch.16).
192. The theory of Jacobians in the historical order of development up to 1860.
Proc. Roy. Soc. Edinburgh XXIX (1909) 499–516 (Hist. V, Ch. 10).
193. The superadjugate determinant and skew determinants having a univarial di-
agonal. Proc. Roy. Soc. Edinburgh XXIX (1909) 668–686 (Hist. V, Ch. 1, 11,
12).
194. Borchardt’s form of the eliminant of two equations of the nth degree. Trans.
Roy. Soc. South Africa I (1908–1910) 447–452 (Hist. V, Ch. 1, 4, 6).
195. The theory of orthogonants in the historical order of development up to 1860.
Proc. Roy. Soc. Edinburgh XXX (1909–1910) 265–290 (Hist. V, Ch. 12).
196. The theory of bigradients in the historical order of development up to 1860.
Proc. Roy. Soc. Edinburgh XXX (1909–1910) 296–306 (Hist. V, Ch. 14).
197. The theory of persymmetric determinants in the historical order of develop-
ment up to 1860. Proc. Roy. Soc. Edinburgh XXX (1909–1910) 407–431 (Hist.
V, Ch. 13).
198. The term ‘radian’ in Trigonometry. Nature LXXXIII (1910) 156, 217, 459–
460.
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199. The theory of Wronskians in the historical order of development up to 1860.
Proc. Roy. Soc. Edinburgh XXXI (1910–1911) 296–303 (Hist. V, Ch. 9).
200. The theory of recurrent determinants in the historical order of development up
to 1860. Proc. Roy. Soc. Edinburgh XXXI (1910–1911) 304–310 (Hist. V, Ch.
8).
201. The less common special forms of determinants up to 1860. Proc. Roy. Soc.
Edinburgh XXXI (1910–1911) 311–332 (Hist. V, Ch. 22).
202. A class of determinants whose adjugate is persymmetric. Messenger of Math.
XL (1910) (New Series, No. 473) 70–80 (Hist. V, Ch. 13).
203. ‘Factorizable continuants’, Reclamation regarding paper on. Trans. Roy. Soc.
South Africa, Report of meeting of 20th June 1910.
204. A new unisignant. Messenger of Math. XL (1911) (New Series, No. 480) 177–
192 (Hist. V, Ch. 4).
205. Boole’s unisignant. Proc. Roy. Soc. Edinburgh XXXI (1910–1911) 448–455
(Hist. V, Ch. 4).
206. Sylvester’s and other unisignants. Trans. Roy. Soc. South Africa II (1910-1912)
187–195 (Hist. V, Ch. 20, 22).
207. Cayley’s linear relation between minors of a special three-row array. Messen-
ger of Math. XLI (1911) (New Series, No. 482) 23–28 (Hist. V, Ch. 4).
208. Sylvester’s axisymmetric unisignant. Trans. Roy. Soc. South Africa II (1910–
1912) 197–202 (Hist. V, Ch. 4).
209. A fifth list of writings on determinants. Quart. J. of Math. XLII (1911) 343–
378 (Hist. V, Ch. 1).
210. Lagrange’s determinantal equation in the case of a circulant. Messenger of
Math. XLI (1912) (New Series, No. 491) 167–174 (Hist. V, Ch. 4, 16).
211. The Theory of Determinants in the Historical Order of Development. Volume
II. The Period 1841 to 1860. Macmillan and Co., London, 1911, xvi + 475 pp.
(Hist. V, Ch. 1).
212. The theory of circulants from 1861 to 1880. Proc. Roy. Soc. Edinburgh XXXII
(1911–1912) 136–149 (Hist. V, Ch. 16).
213. The resultant of a set of lineo-linear equations. Trans. Roy. Soc. South Africa
II (1910–1912) 373–380 (Hist. V, Ch. 7).
214. The theory of axisymmetric determinants from 1857 to 1880. Proc. Roy. Soc.
Edinburgh XXXIII (1912) 49–63 (Hist. V, Ch. 4).
215. Note on the double alternants. Trans. Roy. Soc. South Africa III (1912,1913)
177–185 (Hist. V, Ch. 6, 11).
216. Note on an overlooked theorem regarding the product of two determinants of
different orders. Trans. Roy. Soc. South Africa III (1913) 271–273 (Hist. V, Ch.
1).
217. Product-determinants of the same form as one of their factors. Messenger of
Math. XLIII (1913) (New Series, No. 505) 1–9. (Hist. V, Ch. 11).
218. The theory of bigradients from 1859 to 1880. Proc. Roy. Soc. Edinburgh XXXIV
(1913) 32–59 (Hist. V, Ch. 14).
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219. Note on Clebsch’s theorem regarding the second set of Jacobians derived from
n+ 1 homogeneous integral functions of n variables. Trans. Roy. Soc. South
Africa III (1913) 393–397 (Hist. V, Ch. 10).
220. Note on a theorem of Ph. Gilbert’s regarding the differentiation of a Special
Jacobian. Trans. Roy. Soc. South Africa IV (1913,1914–1915) 139–142 (Hist.
V, Ch. 10).
221. Cullis’ “Matrices and Determinoids". Math. Gazette VII (1913) 212–213.
222. Note on Rosanes’ functions resembling Jacobians. Trans. Roy. Soc. South Africa
IV (1913) (1914–1915) 157–161 (Hist. V, Ch. 10).
223. Note on the sum of the equigrade minors of a determinant. Messenger of Math.
XLIII (1914) (New Series, No. 516) 177–184 (Hist. V, Ch. 1, 20).
224. The determinant of the sum of a square matrix and its conjugate. Messenger of
Math. XLIII (1914) (New Series, No. 516) 184–192 (Hist. V, Ch. 1, 4, 20).
225. Properties of Pfaffians, with their analogues in determinants. Trans. Roy. Soc.
South Africa IV (1914–1915) 205–214 (Hist. V, Ch. 11).
226. Note on the product of a special n-line determinant by its central minor of the
(n− 4)th order. Trans. Roy. Soc. South Africa IV (1914–1915) 273–277 (Hist.
V, Ch. 22).
227. Note on Hesse’s generalisation of Pascal’s theorem. Trans. Roy. Soc. South
Africa V (1914) (1915–1916) 39–43 (Hist. V, Ch. 7).
228. Properties of a pair of orthogonants. Messenger of Math. XLIV (1914) 97–103
(Hist. V, Ch. 12).
229. Properties of the determinant of an orthogonal substitution. Proc. Roy. Soc.
Edinburgh XXXV (1914) 54–62 (Hist. V, Ch. 12, 22).
230. Determinants whose elements are alternating numbers. Messenger of Math.
XLV (1915) (New Series, No. 530) 21–27 (Hist. V, Ch. 22).
231. The theory of circulants from 1880 to 1900. Proc. Roy. Soc. Edinburgh XXXVI
(1915) 151–173 (Hist. V, Ch. 16).
232. Note on the so-called Vahlen relations between the minors of a matrix. Trans.
Roy. Soc. South Africa V (1915–16) 695–701 (Hist. V, Ch. 1, 7, 11).
233. Note on the primary minors of a circulant having a vanishing sum of elements.
Messenger of Math. XLV (1915) (New Series, No. 536) 120–125 (Hist. V, Ch.
16).
234. Determinants of cyclically repeated arrays. Messenger of Math. XLV (1915)
(New Series, No. 537) 142–153 (Hist. V, Ch. 16).
235. Note on Pfaffians connected with the difference-product. Trans. Roy. Soc. South
Africa VI (1915) (1917–1918) 29–36 (Hist. V, Ch. 6, 11, 22).
236. The recurrence-formula of Jacobi’s persymmetric determinant. Tohoku Math.
J. IX (1916) 239–244 (Hist. V, Ch. 4, 13).
237. A class of alternants with trigonometrical elements. South African J. Sci. XIII
(1916) 197–200 (Hist. V, Ch. 6).
238. A theorem including Cayley’s on zero-axial skew determinants of even order.
Tohoku Math. J. XI (1916) 205–210 (Hist. V, Ch. 11).
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239. A sixth list of writings on determinants. Quart. J. of Math. XLVII (1916) 344–
384 (Hist. V, Ch. 1).
240. Note on a determinant whose elements are aleph functions. Messenger of Math.
XLVI (1916) (New Series, No. 547) 108–110 (Hist. V, Ch. 6).
241. Note on Palmstrøm’s generalisation of Lamé’s equation. Trans. Roy. Soc. South
Africa VI (1916) (1917–18) 323–326 (Hist. V, Ch. 17).
242. Note on an expansion of the product of two oblong arrays. Trans. Roy. Soc.
South Africa VII (1917) (1918–1919) 15–17 (Hist. V, Ch. 1, 20).
243. Note on the resolvability of the minors of a compound determinant. Trans. Roy.
Soc. South Africa VII (1917) (1918–1919) 97–102 (Hist. V, Ch. 7).
244. Note on the construction of an orthogonant. Proc. Roy. Soc. Edinburgh
XXXVIII (1917) 146–153 (Hist. V, Ch. 12).
245. Note on the adjugate of Bezout’s eliminant of two binary quantics. Trans. Roy.
Soc. South Africa VII (1918–19) 199-202 (Hist. V, Ch. 13).
246. Theorems connected with minors of an m-by-m2 array. Messenger of Math.
XLVII (1918) (New Series, No. 564) 184–190 (Hist. V, Ch. 7).
247. Note on Lagrange’s like-producing quadrinomial. Amer. Math. Monthly XXV
(1918) 340–342 (Hist. V, Ch. 11).
248. Egalité de deux déterminants. L’Intermédiaire des Math. XXV (1918) 33–34
(Hist. V, Ch. 8).
249. The quadratic relations between the determinants of a 4-by-8 array. Proc. Roy.
Soc. Edinburgh XXXVIII (1918) 219–225 (Hist. V, Ch. 1).
250. Note on determinants whose matrix is that of an orthogonant increased or
diminished by matrix unity. Tohoku Math. J. XV (1918) 240–245 (Hist. V,
Ch. 12).
251. Note on the representation of the expansion of a bordered determinant. Mes-
senger of Math. XLVIII (1918) (New Series, No. 565) 23–32 (Hist. V, Ch. 1,
20, 22).
252. Note on recurrents resolvable into a sequence of odd integers. Trans. Roy. Soc.
South Africa VIII (1919–1920) 27–32 (Hist. V, Ch. 8).
253. Note on the determinant of the primary minors of a special set of (n− 1)-by-n
arrays. Proc. Roy. Soc. Edinburgh XXXIX (1918) 35–40 (Hist. V, Ch. 7).
254. Note on unimodular and other persymmetric determinants. Trans. Roy. Soc.
South Africa VIII (1919–1920) 95–100 (Hist. V, Ch. 5, 13).
255. Note on compound determinants expressible as simple determinants. Quart. J.
of Math. XLVIII (1919) 379–384 (Hist. V, Ch. 7).
256. Note on certain determinant identities arrived at by H. v. Kock. Trans. Roy.
Soc. South Africa VIII (1919–20) 101–105 (Hist. V, Ch. 1).
257. The eliminant of two binary quantics with determinantal coefficients. Messen-
ger of Math. XLIX (1919) 37–41 (Hist. V, Ch. 7).
258. Note on a sum of products which involves symmetrically the nth roots of 1.
Trans. Roy. Soc. South Africa VIII (1919–1920) 173–178 (Hist. V, Ch. 22).
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259. Note on the determinant whose matrix is the sum of two circulant matrices.
Proc. Roy. Soc. Edinburgh XL (1919) 23–32 (Hist. V, Ch. 16).
260. Additional note on the resolvability of the minors of a compound determinant.
Trans. Roy. Soc. South Africa VIII (1919–1920) 229–233 (Hist. V, Ch. 7).
261. Note on the mth compound of a determinant of the (2m)th order. Messenger of
Math. XLIX (1919) 62–64 (Hist. V, Ch. 7).
262. Note on Pfaffians with polynomial elements. Proc. Roy. Soc. Edinburgh XL
(1920) 83–88.
263. Second note on the determinant of the sum of two circulant matrices. Trans.
Roy. Soc. South Africa VIII (1919–20) 293–296.
264. A seventh list of writings on determinants. Quart. J. of Math. XLIX (1920)
51–73.
265. The Theory of Determinants in the Historical Order of Development. Volume
III. The Period 1861 to 1880. Macmillan and Co., London, 1920, xxvi + 503
pp.
266. Note on axisymmetric orthogonants. Trans. Roy. Soc. South Africa X (1920)
(1922) 21–22.
267. A budget of exercises on determinants. Amer. Math. Monthly XXIX (1921)
10–14.
268. Note on a continuant of Cayley’s of the year 1874. Proc. Roy. Soc. Edinburgh
XLI (1921) 111–116.
269. Note on the product of any determinant and its bordered derivative. Trans. Roy.
Soc. South Africa X (1921) (1922) 89–93.
270. Note on a determinant with factors like those of the difference-product. Trans.
Roy. Soc. South Africa X (1922) 267–272.
271. Note on a theorem of Frobenius’ connected with invariant-factors. Proc. Roy.
Soc. Edinburgh XLII (1922) 342–347.
272. Note on the coevanescence of the primary minors of an axisymmetric determ-
inant. Trans. Roy. Soc. South Africa XI (1922) (1924).
273. The theory of alternants from 1896 to 1917. Proc. Roy. Soc. Edinburgh XLIII
(1922) 127–148.
274. Note on a property of bigradient arrays connected with Sylvester’s dialytic
eliminant. Trans. Roy. Soc. South Africa XI (1922) (1924) 101–104.
275. The Theory of Determinants in the Historical Order of Development. Volume
IV. The Period 1880 to 1900. Macmillan and Co., London, 1923, xxxi + 508
pp.
276. Note on the Hessian of a circulant and of allied forms. Messenger of Math.
LIV (1923) 64–69.
277. Note on Zeipel’s condensation-theorem and related results. Trans. Roy. Soc.
South Africa XI (1923) (1924) 191–196.
278. Note on the successive differentiation of a product of linear functions. Trans.
Roy. Soc. South Africa XI (1923) (1924) 203–206.
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279. An eighth list of writings on determinants. Quart. J. of Math. L (1923) 165–
184.
280. Note on the m-line determinants whose elements are (m− 1)-line minors of
an m-by-(m+ k) array. Proc. Roy. Soc. Edinburgh XLIV (1923) 51–55.
281. A second budget of exercises on determinants. Amer. Math. Monthly XXXI
(1924) 264–274.
282. Note on systems of determinants with sets of deleted elements. Trans. Roy.
Soc. South Africa XII (1924) (1925) 5–11.
283. The theory of circulants from 1900 to 1920. Proc. Roy. Soc. Edinburgh XLIV
(1924) 218–241.
284. Note on a transformation and on the differentiation of a continued fraction.
Trans. Roy. Soc. South Africa XII (1924) (1925) 37–43.
285. Note on the sum of the signed primary minors of a persymmetric determinant.
Trans. Roy. Soc. South Africa XIII (1924) (1926) 43–47.
286. The Theory of Compound Determinants from 1900 to 1920. Proc. Roy. Soc.
Edinburgh XLX (1924) 187–212.
287. The Theory of Continuants from 1900 to 1920. Proc. Roy. Soc. Edinburgh
XLVI (1925) 46–70.
288. Hadamard’s approximation-theorem since 1900. Trans. Roy. Soc. South Africa
XIII (1926) 299–308.
289. The theory of persymmetric determinants from 1894 to 1919. Proc. Roy. Soc.
Edinburgh XLVII (1926) 11–33.
290. A ninth list of writing on determinants. Quart. J. of Math. L (1926) 333–349.
291. A note on hyperothogonants. Trans. Roy. Soc. South Africa XIV (1927) 337–
341.
292. The theory of Hessians from 1883 to 1914. Trans. Roy. Soc. South Africa XIV
(1927) 367–371.
293. The theory of orthogonants and latent roots from 1881 to 1918. Proc. Roy. Soc.
Edinburgh XLVII (1927) 252–282.
294. Note on bialternant symmetric functions. Quart. J. of Math. L (1927)
373–376.
295. The theory of Jacobians from 1885 to 1919. Proc. Roy. Soc. Edinburgh XLVIII
(1927) 37–54.
296. Note on equation-forming by means of dialytic elimination. Messenger of
Math. LVII (1927) 102–105.
297. Note on (n− 1)-by-n arrays whose primary minors have a common factor.
Trans. Roy. Soc. South Africa XVII (1928) (1929) 15–19.
298. The theory of bigradients from 1861 to 1919. Proc. Roy. Soc. Edinburgh XLIX
(1928) 1–15.
299. Note on Brioschi’s treatment of the product of two sums of eight squares.
Trans. Roy. Soc. South Africa XVII (1928) (1929) 121–124.
300. Note on sums of equigrade coaxial minors. Trans. Roy. Soc. South Africa XVII
(1928) (1929) 137–140.
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301. The literature of Cayleyan matrices. Trans. Roy. Soc. South Africa XVIII (1928)
(1930) 219–227.
302. The theory of skew determinants and Pfaffians from 1891 to 1919. Proc. Roy.
Soc. Edinburgh XLIX (1928) 264–288.
303. Note on the Lagrangian of a special unit determinant. Trans. Roy. Soc. South
Africa XVIII (1929,1930) 143–146.
304. Note on sums of n-line minors pertaining to an n-by-(n+ 2) array. Trans. Roy.
Soc. South Africa XVIII (1929,1930) 301–303.
305. Note on Monge’s relation between primary minors of a 3-by-5 array. Trans.
Roy. Soc. South Africa XVIII (1929,1930) 277–281.
306. Note on the derivatives of the eliminant of two binary cubics. Trans. Roy. Soc.
South Africa XVIII (1929) (1930) 305–309.
307. Note on alternative forms of expression for Hermite’s determinant. Edinburgh.
Math. Notes No 26 (1929) 5–9.
308. Contributions to the History of Determinants, 1900–1920. Blackie and Son,
London, Glasgow, 1930, xxiii + 408 pp.
309. A tenth∗ contribution to the bibliography of determinants. South African J. Sci.
XXVII (1930) 163–182. (∗Should have been the eleventh, according to Muir
[42(e), p. 72].)
310. Note on Brioschi’s bordered Hessian. Trans. Roy. Soc. South Africa XIX (1930)
(1931) 93–98.
311. Note on a special Hermitian determinant. Trans. Roy. Soc. South Africa XX
(1930) (1932) 33–37.
312. Note on a special alternant of three variables. Trans. Roy. Soc. South Africa
XIX (1930) (1931) 359–361.
313. Note on equalities connecting two sums of squares. Trans. Roy. Soc. South
Africa XIX (1930) (1931) 355–358.
314. Note on sets of orthogonally related variables. Trans. Roy. Soc. South Africa
XXI (1930) (1934) 19–25.
315. A second note on the coevanescence of primary minors of an axisymmetric
determinant. Trans. Roy. Soc. South Africa XXI (1931,1934) 27–31.
316. Note on Cayley’s elimination-problem involving superfluous data. Proc. Roy.
Soc. Edinburgh LI (1931) 162–168.
317. The determinantal properties of oblong matrices. South African J. Sci. XXIX
(1932) 132–138.
318. Note on a set of equivalent determinants connected with a 3-by-6 array. Trans.
Roy. Soc. South Africa XXI (1932) (1934) 63–66.
319. A twelfth contribution to the bibliography of determinants. South African J.
Sci. XXX (1933) 141–160.
320. Notes on relations between the primary minors of a 3-by-9 array. Trans. Roy.
Soc. South Africa XXII (1934) 1–3.
321. Note on an overlooked alternant. Trans. Roy. Soc. South Africa XXII (1934)
5–7.
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These papers were neatly bounded into 14 volumes, arranged chronologically
according to date of publication, as given below. It starts with Volume I, containing
all papers that appeared during the indicated period, and ending with Volume XIV,
containing all papers that appeared during the last few years of Muir’s life.
• Volume I. January 1872–October 1881
• Volume II. December 1881–April 1888
• Volume III. March 1889–January 1899
• Volume IV. December 1899–May 1902
• Volume V. May 1902–September 1904
• Volume VI. August 1904–June 1906
• Volume VII. August 1906–June 1909
• Volume VIII. September 1909–October 1911
• Volume IX. October 1911–November 1915
• Volume X. November 1915–December 1918
• Volume XI. January 1919–October 1922
• Volume XII. December 1922–September 1925
• Volume XIII. February 1926–February 1929
• Volume XIV. January 1929–December 1933
Muir also kept an updated list of the number of copies of his papers in his posses-
sion. The last inscription on that list was done on 17/1/34 [26(e)].
Papers arranged according to subjects:
1. Aggregates of determinants: 66, 77, 104, 111, 116, 127, 128, 130, 137, 140, 150,
165, 174, 207, 223, 242, 271, 282, 285, 300, 313
of products of determinants: 30, 44, 62, 149, 216, 226, 232, 249, 256, 271,
275.
2. Alternants: 30, 45, 74, 75, 77, 78, 106, 107, 113, 114, 116, 150, 166, 168, 170,
188, 215, 235, 237, 273, 294, 312.
3. Arrays, oblong: 82, 85, 101, 102, 149, 162, 174, 179, 183, 194, 207, 232, 234,
242, 246, 249, 253, 255, 261, 274, 280, 297, 301, 304, 305, 317, 318.
4. Axisymmetric determinants: 37, 38, 40, 47, 61, 65, 66, 77, 80, 86, 88, 90, 93, 99,
100, 101, 102, 111, 126, 127, 128, 130, 134, 143, 165, 177, 178, 179, 194, 204,
206, 207, 208, 210, 214, 223, 224, 235, 266, 272, 315.
5. Bibliography and Bigradients: 12, 36, 71, 97, 139, 158, 175, 186, 196, 209, 218
239, 264, 270, 274, 279, 290, 298, 301, 309.
6. Bipartites: 66, 67, 101, 102, 137, 176, 213, 215, 247, 251, 258, 269, 291.
7. Block elements: 40, 182, 234, 240, 259, 276, 299, 302
bordered determinants: 32, 46, 66, 96, 219, 227, 235, 236, 238, 251, 269.
and centrosymmetric: 40, 77, 97, 111, 126, 150, 160, 104, 299.
8. Circulants: 40, 41, 43, 49, 59, 68, 98, 142, 150, 160, 171, 172, 191, 210, 212,
231, 233, 234, 259, 263, 276, 283.
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9. Compound determinants: 30, 38, 82, 110, 125, 149, 161, 162, 178, 180, 213,
227, 232, 243, 245, 246, 253, 255, 257, 260, 261, 280, 286, 305.
10. Continuants: 8, 10, 17, 18, 20, 21, 26, 33, 40, 53, 54, 66, 84, 87, 117, 119, 120,
121, 123, 135, 146, 147, 150, 151, 152, 153, 154, 155, 156, 203, 241, 268, 287.
11. Continued fractions: 8, 9, 11, 12, 13, 15, 21, 23, 33, 54, 57, 60, 84, 87, 121, 136,
151, 284.
12. Elimination and solution: 90, 93, 94, 95, 97, 104, 109, 110, 117, 157, 161, 166,
194, 213, 256, 257, 296, 306, 316.
13. General determinants: 3, 30, 34, 46, 49, 67, 77, 83, 91, 92, 103, 104, 105, 111,
137, 141, 145, 149, 150, 159, 174, 176, 183, 187, 189, 193, 216, 223, 232, 261,
269, 271, 288.
14. Hermitants: 308, 311
and Hessians: 118, 119, 173, 185, 276, 278, 292, 310.
15. Jacobians: 122, 125, 134, 172, 190, 192, 219, 220, 222, 295
and Latent roots: 61, 67, 99, 100, 144, 210, 250, 303.
16. Orthogonants: 47, 101, 129, 144, 189, 195, 228, 229, 244, 250, 266, 293, 314.
17. Permanents: 45, 103, 107, 113, 137, 188, 215, 235, 278
and recurrents: 13, 62, 181, 200, 247, 252.
18. Persymmetric determinants: 39, 44, 98, 108, 128, 169, 173, 197, 202, 226, 236,
254, 277, 285, 289.
19. Pfaffians: 32, 40, 42, 46, 48, 77, 96, 98, 112, 113, 119, 140, 148, 164, 165, 193,
202, 225, 235, 238, 262, 271.
20. Products of determinants: 30, 40, 66, 174, 176, 182, 216, 217, 226, 232, 242,
249.
21. Skew determinants: 32, 40, 42, 46, 48, 77, 96, 101, 111, 113, 115, 119, 150, 179,
184, 193, 215, 217, 238, 244, 247, 272, 302.
22. Unclassified special determinants: 13, 20, 22, 51, 72, 88, 104, 107, 117, 135,
160, 174, 188, 194, 201, 202, 213, 217, 224, 226, 230, 238, 240, 247, 250, 258,
259, 263, 267, 270, 277, 281, 282, 291, 296, 303.
Some other writings of Thomas Muir:
1. On the territorial expansion of the British Empire during the last ten years. Proc.
Philos. Soc. Glasgow XXI (1889) 98–125.
2. A word on training. An address delivered to the University of the Cape of Good
Hope, on Degree Day, 10 August, 1900. 17 pp. (As Vice-Chancellor of the Uni-
versity.)
3. Education and Science. Presidential Address to Section. South African Assoc. Adv.
Sci. Report I (1903) 409–414.
4. President’s Address. South African Association for the Advancement of Science
Report VII Cape Town, (1910) 1–13. (Also in: South African J. Science, Novem-
ber 1910.)
5. The Library and the Specialist. Nature LXXXVII (1911) 484.
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